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Preface 

This is essentially an essay in historiography. It critiques the current trends 

of the historiography of Islamic and Arabic science and attempts to make 

use of the latest historical findings in order to propose a new historiogra

phy that could better explain the scientific developments and, in a more 

general sense, the major trends in the intellectual history of Islamic civi

lization. It touches on periodization, on the relation of science to the gen

eral intellectual environment, on the social and political dimensions of 

scientific production, and on the relationship between the technical scien

tific details, in a particular discipline and the social support and recognition 

of those disciplines. 

The main ideas discussed herein have already been articulated, in a pre

liminary manner, in my book al-Fikr al-'Ilmz al-'Arabl (Balamand University 

Press, Lebanon, 1998). Now they are available-more extensively developed 

in some major respects-to those who do not read Arabic. The main features 

of the thesis expressed earlier in al-Fikr are supported here by fuller evidence. 

Furthermore, the new literature that has appeared since the publication of 

al-Fikr, especially that which bears on that book's main thesis, is critiqued in 

this volume. This can, then, be seen as a critique of the contents of that lit

erature, and of the conclusions reached therein. The scrutiny to which those 

conclusions are now subjected is necessitated by new evidence that has 

raised doubts about their validity. 

The terms "Islamic science" and "Arabic astronomy," used extensively in 

this book, call for an explanatory comment. "Islamic science," is intended 

to designate those sciences that were developed in the Islamic civilization 

and which did not fall within the sphere of disciplines usually designated 

with the Arabic expression al-'uliim al-islamzya (Islamic sciences). The latter 
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group usually dealt with religious Islamic thought proper and thus is not of 

central concern in this volume. In contrast, the " Islamic sciences" studied 

here were considered as part of the "foreign" or "rational" sciences ('u/Um al

awii'il or a/-'u/Um al-'aqllya) ,  or even the "philosophical" sciences (al-'uliim 

al-fa/sa{fya or al-J:zikmlya), in classical Islamic times, and did not in any way 

designate the religious, juridical, exegetical, linguistic, or Qur'anic sciences 

that were usually separately classified as al-'Uliim al-naqllya (the transmitted 

sciences). "Islamic" is therefore used in this more complex civilizational 

sense and not in the religious sense. 

The term "Arabic" finds its justification in two major ways: First, Arabic 

was for a long time the scientific language of the Islamic civilization, from 

the eighth and ninth centuries to our own times, in much the same way 

as it was the language of the religious sciences as well, irrespective of the 

geographic area where those sciences were written or studied. These con

ditions, which prevailed throughout most of Islamic history, opened var

ious avenues for people of various races and religious backgrounds to 

participate in the production of this civilization. Those same people may 

have spoken Persian, Syriac, or even later Turkish and Urdu at home. And 

yet they mostly expressed their intellectual production, and especially the 

scientific part of it, in Arabic, much as Ibn Maymun (Maimonides) wrote 

most of his philosophical and medical works in Arabic while reserving 

Hebrew for his religious and juridical production. Second, the history of the 

discipline of astronomy is used in this book as a template to illustrate the 

periodization and the ups and downs of Islamic scientific thought in gen

eral. And the kind of astronomy that was most prevalent in the Islamic civ

ilization, and that was also most vibrant, was the new astronomy that was 

called 'ilm al-hay'a (science of the configuration [of the world]= Astronomy), 

a coined Arabic phrase that had no Greek equivalent. It was this astronomy 

that continued to be written almost exclusively in Arabic from the ninth 

century on. This is also the astronomy that forms the main focus of this 

book. Furthermore, there were no times, throughout Islamic intellectual 

history, when the term "Arabic Astronomy" could have been possibly taken 

to mean that this astronomy was in any way restricted to the geographical 

domain of the Arabic-speaking regions, or that Arabic was the exclusive lan

guage of that discipline. The manner in which this term is used here simply 

means that Arabic was clearly the language in which most of the works in 
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this discipline were written, as is evidenced by the vast majority of the sur

viving texts. 

Although this book is written in English, and may later appear in other 

European languages, its ultimate message may resonate differently with 

readers who feel a sense of kinship with the Islamic civilization, whatever 

their racial, national, linguistic, or religious affiliation. It is to these readers 

that the issues discussed here would make the most sense, irrespective of 

whether they would want to refer to this production as Islamic or Arabic. 

And to the same readers I extend the invitation to participate in the discus

sion that I hope this book will generate. 

But I must quickly caution those readers not to read this book as an 

expression of the greatness of the Islamic scientific tradition, although it 

was indeed one of the greatest of such traditions, but to read it as an invi

tation to reflect on the sense of their own history, especially in these "post

colonial" and yet deeply "colonial" times for the Muslim and Arab worlds. I 

sincerely wish to invite such readers to consider ultimately the kind of his

tory that could be written when one de-emphasizes the usual political and 

religious histories that are often narrated ad nauseam, and privileges instead 

the scientific production and the complex social, economic, and intellectual 

conditions that allowed that production to come into existence. 

If there is a lesson to be learned here from the history of science for our 

modern times, and if there is any hope to learn something about the social, 

political, and economic mechanisms that allow scientific production to 

prosper, for purposes of modern development in almost all developing 

countries, irrespective of their religious or cultural legacies, it should be 

grounded in this kind of history of science that keeps an eye on the techni

cal intricacies of scientific thought itself, and at the same time investigates 

the social, political, and economic mechanisms that allowed, and may still 

allow, this thought to flourish. This book is intended to shed light on such 

issues. 

I now turn to the most pleasant task of acknowledging all the help I have 

had along the way that made this book possible. In that regard, my deepest 

thanks should go first and foremost to M. Fran\=ois Zabbal, of the Institut 

du Monde Arabe (Paris), for making the first expression of this book possible 

when he invited me to give its early contents as a series of lectures under 

the auspices of La Chaire de l'Institut du Monde Arabe during the spring of 
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2004. But of course there are many others whose names have to be withheld 

for fear of missing some in the midst of the multitude. 

However, in the actual process of turning the contents of those early 

lectures into a book, I cannot but pay tribute to particular people without 

whose advice and encouragement this book would have never seen the light 

of day. Among those who made this book possible are Jed Buchwald, the 

editor of the Transformations series, and my colleague and friend Noel 

Swerdlow. The encouragement I received from those two people and the 

extremely valuable criticisms were incalculable, and have certainly gone a 

long way in saving me from many slips and errors. Whatever errors and mis

statements remain are completely my own and no one else should be impli

cated in my folly. 

A special expression of gratitude should also go to M. Alain Segonds, of the 

Belles Lettres, of Paris, who gave the manuscript a very thorough reading 

when it was still in its earliest stages, and who suggested a number of cor

rections that helped me greatly in sharpening the arguments. I am also 

indebted to my students and to the various groups of people who attended 

my public lectures over the years, when I first began to explore the germs 

of those ideas, which were not yet fully formulated, and are now further 

developed in this book. Those people patiently listened to what must have 

sounded to them like half-baked thoughts, and always pushed me to 

develop those ideas further in order to reach the form they have now 

reached. 

In the same breath I also thank all those who abandoned the most beau

tiful Parisian spring evenings and flocked faithfully to the Institut du Monde 

Arabe in Paris, every Tuesday night, for six weeks in May and June of 2004, 

to participate in the formal presentation of the lectures upon which this 

book is based. Of those people, I specially thank those who raised the vari

ous challenging questions that forced me to reconsider a great number of 

issues and to rearticulate them much more precisely. But those questions 

could not have been raised had it not been for the most diligent team of 

simultaneous translators who rendered my unwritten English lectures into 

coherent French, a feat that continues to amaze me. 

All those people are in no way responsible for the inevitable ambiguities 

that may still persist in the proposed formulation of this new Arabic scien

tific historiography. For the very nature of this proposal leaves it vulnerable 

to the experimental hazards incurred by its novelty. 



Preface xi 

I am also indebted to my friends and colleagues, both in the United States 

and in France, whose areas of expertise bordered very closely on the history 

of Arabic science, and who paid me the utmost complement by attending 

the lectures at IMA and by pointing out, to my benefit, the strengths and 

weaknesses of the arguments I made there. It is those subtle correctives that 

can no longer be separated from my main train of thought, nor can they be 

footnoted separately, that have now become part and parcel of my own con

victions and, of course, inform my latest thinking on the subject. In this 

global sense, I thank them for those correctives. But I must single out 

my dear friends and colleagues: Professor Muhsin Mahdi of Harvard, who 

graced me with his presence at some of the lectures even when he was not 

feeling well, and M. Maroun Aouad, of the CNRS in Paris, for having given 

me the pleasure of good arguments over the years, and who has never failed 

to point out my follies with utmost politeness. He can obviously notice now 

that he has not been all that successful in curing me completely. The follies 

that still persist in this book can easily attest to that. But if any of the argu

ments I make here can make a small dent in changing peoples' thoughts 

about the nature of Arabic and Islamic science then all those arguments 

would not have been in vain, and I gladly accept the responsibility of their 

failure when they did. 

The manuscript editor at The MIT Press was kind to listen to me and 

follow my instructions to "go lightly." 

Last but not least, I should also thank all those wonderful people at the 

Kluge Center of the Library of Congress who made the production of this 

book possible by offering me, during my sabbatical year, a working space 

that I have described as the closest portal to heaven as I will ever see. 



1 The Islamic Scientific Tradition: Question of Beginnings I 

This chapter and the next address one of the most interesting aspects of 

Islamic civilization: the rise of a scientific tradition that was crucial to the 

development of universal science in pre-modern times. These chapters are 

connected by a common title, to indicate their interdependence. This first 

chapter surveys the various theories that have confronted the question of 

why and when this scientific tradition came into existence. It begins with a 

detailed account of the theories. The critique that follows addresses their 

failure to account for the facts as we know them from the primary scientific 

and historical sources of early Islamic times; it also lays the foundation for 

an alternative explanation of those facts in the next chapter. Because of this 

structure, the reader may encounter many unanswered questions in the first 

chapter, and will be repeatedly asked to await the answers that will come in 

the second. 

There is hardly a book on Islamic civilization, or on the general history of 

science, that does not at least pretend to recognize the importance of the 

Islamic scientific tradition and the role this tradition played in the develop

ment of human civilization in general. Authors differ in how much space 

they allocate to this role, but they all seem to agree on a basic narrative, to 

which I will refer as the classical narrative. The main outline of this narrative 

goes back to medieval and Renaissance times and has been repeated over 

and over again. 

The narrative seems to start with the assumption that Islamic civilization 

was a desert civilization, far removed from urban life, that had little chance 

to develop on its own any science that could be of interest to other cultures. 

This civilization began to develop scientific thought only when it came into 

contact with other more ancient civilizations, which are assumed to have 
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been more advanced, but with a particular nuance to "advanced. "  The 

ancient civilizations in question are the Greco-Hellenistic civilization on 

the western edge of, and overlapping with, the geographical domain of the 

Islamic civilization, and the Sasanian (and by extension the Indian) civi

lization to the east and the southeast. These surrounding civilizations are 

usually endowed with considerable antiquity, with high degrees of scientific 

production (at least at some time in their history), and with a degree of intel

lectual vitality that could not have existed in the Islamic desert civilization. 

This same narrative never fails to recount an enterprise that was indeed 

carried out during Islamic times: the active appropriation of the sciences 

of those ancient civilizations through the willful process of translation. 

And this translation movement is said to have encompassed nearly all the 

scientific and philosophical texts that those ancient civilizations had ever 

produced. 

The classical narrative then goes on to recount how those translations 

took place during the early period of the Abbasid times (circa 750-900 A.D.) 

and how they quickly generated a veritable golden age of Islamic science 

and philosophy. 

In this context, very few authors would go beyond the characterization 

of this Islamic golden age as anything more than a re-enactment of the glo

ries of ancient Greece, and less so the glories of ancient India or Sasanian 

Iran. Some would at times venture to say that Islamic scientific production 

did indeed add to the accumulated body of Greek science a few features, 

but this addition is usually not depicted as anything the Greeks could not 

have done on their own had they been given enough time. Nobody would, 

for example, dare to suggest that the scientists who worked in Islamic 

times could have produced a new kind of science (in contrast with the 

science that was practiced in classical Greek times), or to imply that those 

scientists may have come to realize, from their later Islamic vantage point, 

that the very same Greek science, which became available to them through 

the long process of translation, was in itself deficient and fraught with 

contradictions. 

The classical narrative, however, persists in imagining that the Islamic 

science that was spurred by these extensive translations was short-lived as 

an enterprise because it soon came into conflict with the more traditional 

forces within Islamic society, usually designated as religious orthodoxies 

of one type or another. The anti-scientific attacks that those very ortho-
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doxies generated are supposed to have culminated in the famous work of 

the eleventh-twelfth-century theologian Abu I:Iamid al-Ghazall (d. 1 1 1 1) .  

The major work of Ghazall that i s  widely cited in this regard is his Tahiifut 

al-Faliisifa (Incoherence of the Philosophers), which is sometimes also mis

takenly referred to as tahiifut al-falsafa (incoherence of philosophy). 

By sheer luck and proverbial serendipity, the Latin West was beginning to 

awaken around the same time. And this awakening set in motion a transla

tion movement that identified and translated major Arabic philosophical 

and scientific texts into Latin during a period that has come to be known at 

times as the Renaissance of the twelfth century. Some of the texts that were 

translated into Latin during this period had already been translated from 

much earlier Greek and Sanskrit texts into Arabic. I am thinking in partic

ular of such major Greek works as the Almagest of Ptolemy (d. ca. 1 50 A.D.) 

and the Elements of Euclid (d. ca. 265 B.C.), which had been translated into 

Arabic more than once during the ninth century, and of the passage of the 

Indian numerals via Arabic to Europe, where they came to be known as 

"Arabic" numerals. 

The classical narrative goes on to postulate that from then on Europe had 

no need for Arabic scientific material, and that the Islamic scientific tradi

tion was beginning to decline under the onslaught of the works of Ghazall 

and thus was no longer deemed important by other cultures. In the grand 

scheme of things, the European Renaissance was then characterized as a 

deliberate attempt to bypass the Islamic scientific material, in another act 

of "appropriation" so to speak, and to reconnect directly with the Greco

Roman legacy, where almost all science and philosophy began, and where 

the European Renaissance could find its wellsprings. 

Critique of the Classical Narrative 

In what follows, I would like to subject this classical narrative to some criti

cism and to point to some of the problems that it fails to solve, before I pro

pose, in the next chapter, an alternative narrative that, I believe, accounts 

for the historical facts in a much more comprehensive fashion. I do so 

because the classical narrative leaves us with some unresolved problems 

that we cannot afford to leave unsettled if we ever wish to understand the 

actual process by which Islamic science came into being when it did, and 

in a more general fashion the process by which science, in general, is born 
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and nourished in any society. But in order to do that, first I have to decon

struct some of the basic tenets of this classical narrative. 

That Islamic civilization was isolated in a desert environment is an over

simplification. As is well known, Islamic civilization came into being around 

the cities of Mecca and Medina and around northern Arabian tribal areas 

and cities that were not exactly desert steppes. Within that environment the 

pre-Islamic Arabian civilization had already developed some basic astro

nomical and medical sciences that survived well into Islamic times. In a 

chapter that was written about 1 5  years ago but not published until 2001,  I 

tried to summarize the scientific knowledge of pre-Islamic Arabia, and came 

to the conclusion that the sciences that could be documented there were not 

much different in quality from the sciences of the surrounding regions of 

Byzantium, Sasanian Iran, or even India . 1  

But most importantly, the classical narrative leaves us  with yet more 

serious and inexplicable problems, both with regard to the beginnings of 

Islamic science and with regard to its decline and eventual demise. In the 

case of beginnings, the classical narrative creates the impression that 

the birth of Islamic science took place during the early period of the Abba

sid times, mainly during the latter part of the eighth century and the early 

part of the ninth, as a result of one or more of the following processes of 

transformation: 

( 1 )  Contact between the nascent Islamic civilization and the more ancient 

civilizations of Byzantium and Sasanian Iran is supposed to have taken place 

when the domain of Islamic civilization expanded outside the Arabian 

Peninsula and came to inherit the domains of those earlier civilizations or 

to share great geographic spans with them.2 This "contact theory" had the 

distinct advantage of explaining the birth of Islamic science as a result of 

outside forces, a disposition already signaled by a particular reading of the 

classical Arabic sources. Those sources speak, for example, of the "ancient 

sciences" when they wished to describe the sciences that were brought into 

Islamic civilization from outside, or when they wished to contrast those sci

ences with the "Islamic sciences" (usually understood as the religious 

sciences that grew within the civilization). At times the two sciences are 

posited as being in direct opposition. 

The downside of this theory is that it cannot furnish an explanation for 

the high quality of Greek scientific and philosophical texts that were trans-
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lated into Arabic during this contact period of early Abbasid times when the 

contemporary surrounding cultures of the time had not been participating 

in the production of such texts for centuries before the advent of Islam.3 

In other words, the scientific and philosophical texts, usually designated 

by the term "ancient sciences" in the classical Arabic sources, contained 

material that was already written in the classical period of Greek civilization, 

and most of them were indeed produced before the third or the fourth cen

tury A.D. As far as we can tell, and as far as the sources demonstrate, no sim

ilar activities continued to take place in Byzantine4 or Sasanian civilization 

that could have put those texts in circulation and thus made them readily 

available to the translators who worked in the extensive translation move

ment of early Abbasid times. When we examine that translation movement, 

we find translators such as J:Iunain b. Isi)aq (d. 873) searching for classical 

Greek scientific texts all over the old Byzantine domain, and sometimes fail

ing to find what was needed.5 Under such conditions, when books were not 

taught or used in wide circulation, how could contact have produced any 

positive and effective transfer of knowledge? The classical narrative has no 

convincing answer to such a straightforward question. 

Besides, for scientific contacts to be successful it is only natural to assume 

that both cultures had to have been at similar levels of development so that 

ideas from one culture could easily find a home in the other. 

(2) Those who were conscious of the downside of the contact theory, and of 

its failing to document contemporary scientists of Byzantium or Sasanian 

Iran who could have produced texts similar to the ones that were being 

sought by the translators of Abbasid times (that is, texts of the quality of 

ancient more classical Greek scientific and philosophical texts), thought 

they could avoid that pitfall by proposing another form of transfer that I 

shall call the pocket transmission theory. 6 

In this new theory, assumptions were made about the survival of ancient 

scientific and philosophical texts in a few cities in Byzantium or in the then

defunct Sasanian Empire. In those cities, classical Greek scientific texts were 

supposed to have been preserved. Antioch (the cradle of early Christian

ity), J:Iarran (the site of many legends recorded in later Islamic sources), and 

Jundlshapur (where academies, hospitals, and observatories were supposed 

to have flourished) were all mentioned at one time or another as major 

repositories of ancient classical Greek texts. 
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But preserving second-century texts for hundreds of years, or even mak

ing new copies of them when there was need for them in Baghdad (as was 

done during the ninth century7), could not guarantee that there would be 

people who could understand these texts when they were being sought for 

translation,8 during Abbasid times, about 700 years after they were written. 

Moreover, scientific and philosophical ideas usually flourish through open 

discussions. And it would be highly unlikely that enough such discussions 

were taking place between the fourth and the eighth century to affect 

another incoming culture. After all, there were some major reversals in sci

entific knowledge during that intervening period-for example, Cosmas 

Indicopleustes (c. 550 A.D.) proposed a flat Earth about 800 years after 

Eratosthenes measured Earth's circumference.9 Knowing of the treatment 

of the mathematician Hypatia, who fell in between two competing powers 

of her time (the church and the state), and of her violent death at the 

hands of a mob of church followers who used her learning against her in 

the form of rumors in their political struggle, makes the kind of folk and 

popular science that was propagated by Cosmas more characteristic of 

Byzantine science than of the more sophisticated science of earlier classical 

Greek times. In that light it becomes unimaginable that any Byzantine 

scholar of that period could have produced anything of the sophistication 

of Ptolemy, Euclid, or Galen, or even fully understood what those giants had 

written. 

Furthermore, neither in Antioch nor in l;larran nor in Jundishapiir could 

one find a single scientist or philosopher of any importance who could have 

produced any work that could demonstrate his or her sophisticated under

standing of the classical Greek scientific and philosophical texts, let alone 

match them in brilliance. Sure, one may find some references to such folk 

scientific ideas as names of stars, calendar approximations, or some astro

logical prognostications, of the type we see in the works of the Syriac scien

tists mentioned below, or even the works of Paulus Alexandrinus.10 One may 

even find some elementary medical texts, or texts dealing with weather 

prognostication and star configurations, or even texts containing pharma

cological material (mostly in the form of home remedies). But nothing of 

the caliber of the classical Greek scientific texts could be found. 

Besides, how could it be possible for one or two cities in any empire to 

acquire and maintain a viable scientific tradition when there was no con

crete evidence of such a flourishing tradition in any of those cities, nor was 
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there any evidence that the rest of the cities of the empire could have pro

duced anything of the sort? If the capital city could not have those sciences 

available, and if those who went through great hardships to study them (as 

had happened with Leon the Mathematician) were so poorly viewed by 

their own students, then how could those sciences be available at less impor

tant centers, so that they would exert any perceivable influence on a foreign 

culture that came in contact with them? If those pockets could exist for 

hundreds of years in such isolation, and still maintain a sophisticated degree 

of philosophical and scientific production similar to what was reached in 

the classical times before the third century A.D., that would be an unparal

leled phenomenon that would require much documentation by the propo

nents of such a theory before it could be really accepted. 

And yet there is some debatable evidence of sorts. In his account of the 

transmission of philosophy to the lands of Islam,1 1  the philosopher al

Farabl (d. 950) recounts the story of how philosophy was transmitted from 

Greece to Alexandria, and from there to Antioch, I:Iarran, and Marw, and 

finally to Baghdad. But a close examination of that story (which became 

the basis of a famous article by Max Meyerhof, "Von Alexandrien nach 

Baghdad" 12) makes one appreciate Paul Lemerle's remark about it: "Je ne suis 

pourtant pas certain qu'on puisse accepter sans retouche la seduisante con

struction de M. Meyerhof. " 1 3  The story certainly seems to reveal more about 

Farabi's desire to connect himself to the long philosophical line stretching 

back to Aristotle than about his desire to produce an accurate historical 

account of the actual transmission of philosophy from Greece to the Islamic 

civilization. This is corroborated by the fact that it is the same Farabl, and in 

the same story, who recounts the persecution of the philosophers (and we 

should understand that as including scientists, since science, at the time, 

was really natural philosophy) at the hands of the Byzantine emperors as 

well as the Christian church. In it he only mentions the very brief respite 

from persecution that occurred during the very short rule of Flavius Claudius 

Julius (361-363). More pointedly, it was Farabl too, who recounts, in the 

same story, the persecution of philosophy at the hands of Christianity (con

sistent with what we just mentioned of the fate of Hypatia and others). And 

in that regard, Farabi asserts, in no ambiguous terms, that philosophy was 

finally freed only when it reached the lands of Islam. 

If this were the case, and there is much evidence to corroborate the 

account of persecution as we have already seen, then how could classical 



8 Chapter 1 

Greek philosophy maintain a rigorous tradition, in cities far apart, and at 

such times when the official policy of the state was to suppress that very 

same tradition, and when the only support that was ever given to philos

ophy was during a three-year reign of an emperor who was fought on every 

ground and was indeed called "the apostate"? With all those questions, and 

with this kind of evidence that is used for its support, one need not say any

thing more about the inability of this theory to explain the transmission 

of Greek science into Arabic. 

(3) Then there are those who propose a more nuanced theory of transmis

sion of the Greek philosophical sciences to Islamic civilization by postulat

ing a transmission that went through the Syriac medium first. And this 

theory too has some evidence to support it. In this context people cite the 

works of the Syriac writers Paul the Persian (c. 550) and Sergius of Ras'aina 

(d. 536), and the slightly later writers Severus Sebokht (c. 660) and George, 

Bishop of the Arabs (c. 724). The theory asserts that those people brought 

the Greek tradition into Syriac first, only to make it available for Arabic 

translations later on. 

And all those Syriac authors produced works that could be described as sci

entific, with some degree of seriousness. But when those works are exam

ined carefully, they turn out to be of the same quality as the ones that were 

produced in the larger Byzantine Empire; that is, they were elementary rel

ative to the classical Greek texts. Paul's work did not seem to extend beyond 

the elementary treatises on logic, 14 and Sergius did not apparently venture 

with his astronomical explorations much beyond the Apotelesmatica of 

Paulus Alexandrinus (c. 378), from which he adopted a very elementary 

approximative method for calculating the positions of the sun and the plan

ets . 1 5  The method was so crude that it could nowhere be compared with the 

more exacting methods of Ptolemy's Almagest and Handy Tables. The fact 

that Sergius knew of such august works of the classical Greek tradition is 

duly attested by his references to them, but only to say that they were to be 

sought only by those who needed higher precision. He seemed to have sat

isfied himself with the work of Paulus Alexandrinus. 

The slightly more sophisticated works of Severus Sebokht (for example, 

his treatise on the use of the astrolabe16), and those of George, Bishop of 

the Arabs, 1 7  are not much closer to the classical Greek scientific texts, and 

in general they exhibit the more historically understandable standard of 
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being of about the same quality as the contemporary Byzantine sources 

from which they seem to have derived their inspiration. And why should 

it be otherwise? Why should the poorer Byzantine subjects, as the Syriac

speaking subjects were, know more than the more sophisticated and much 

richer Byzantine overlords? 

In fact we get echoes of this social class distinction, and the enmities that 

went with it, from the works of Severus Sebokht himself, who does not shy 

away from bragging against the Byzantine Greeks by asserting that his own 

ancestry extended all the way back to Babylonia, and that there were other 

nations, like the Indians, who could outsmart the Greeks in science. 1 8  He 

cites as evidence of the Indians' superiority their knowledge of the decimal 

system, with which, he says, "they calculate with nine figures only." 19 

All this evidence illustrates that the Syriac route of transmission, at least 

during pre-Islamic and early Islamic times, could not have been much more 

reliable than the contact or the pocket theory of transmission. And yet the 

rise of the more sophisticated Islamic scientific tradition in early Islamic 

times owes a great deal to the acquisition of the Greek scientific legacy and 

the direct translations of major classical Greek scientific and philosophical 

texts. How did this happen? The following chapter will, I hope, shed some 

light on this. 

Having resorted to the three methods of transmission that are often men

tioned by the proponents of the classical narrative, we find ourselves at a 

loss to explain how this transmission took place. This, to say nothing of the 

motivation of the early Abbasid caliphs for the acquisition of these ancient 

sciences, which had been already abandoned for about 700 years before 

those early Abbasids began to translate them. Why the sudden awakening? 

And why were the Abbasids so motivated toward the beginning of the ninth 

century to finance, patronize, and undertake such a major operation, or 

even make it "a regular state activity,"20 as is often stressed by the classical 

narrative but rarely explained? It is hoped that the following chapter will 

shed some light on this subject too. 

The early Abbasids' involvement in the activity of transmission remains 

to be explained, even if all those problems regarding the manner in which 

the "ancient sciences" were transmitted to the Islamic civilization were all 

resolved once and for all, and even if the classical narrative that generated 

them was abandoned. For there would still remain a second and more 
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important problem: that of the timing of this transmission, which the clas

sical narrative locates toward the beginning of the Abbasid times. Why at 

that time in particular and not during the earlier 100-year rule of the the 

Umayyads? What was so special about the Abbasids? Here the classical nar

rative offers three plausible explanations for that starting point, two of them 

corollaries of one another: 

( 1 )  It is very well known, as is repeatedly emphasized by the classical narra

tive, that the general character of the Abbasid dynasty allowed the ascen

dancy of the "Persian elements" of the Islamic empire. For, after all, the 

argument goes, the Abbasids rose in rebellion first in Transoxania, and they 

did so against the Umayyads, who were in turn characterized by the classi

cal narrative that bases itself on many other classical Arabic sources as cham

pions of the " Arab elements" of the empire. In fact one finds some echoes of 

such contentions in the classical Arabic sources themselves. 

It is true that the Abbasids, who came to power with the swords of the 

central Asian troops, brought along with them clients who ruled on their 

behalf in the Transoxanian provinces, and thus depended greatly on the 

loyalty of those central Asian troops, many of whom were of Turkic and 

Persian origins. It is also true that the men who occupied the high positions 

of government, at least in the early Abbasid times, and at the ranks of viziers 

and the like, such as the members of the Barmakid family, were themselves 

of Persian descent. And despite the devastating demise of the Barmakids 

toward the beginning of the ninth century (when the whole family was 

simply wiped out from positions of power21) other Persian families such as 

the Nawbakhts simply replaced them in the high positions of government. 

That the sources speak of Persians, Turks, and Arabs (among others) dur

ing the early Abbasid period indicates that these sources, from which the 

classical narrative derived its inspiration, began to reflect, at that particular 

time, the racial makeup of the people in power. That phenomenon itself 

must be explained rather than be stipulated in such essentialist terms, as the 

classical narrative seems to do with that particular historical setting. 

In other words, and even if we privilege the classical narrative with some 

analytical power, then we still have to explain why the "Persian elements" 

of the Islamic empire would resort to translating Greek scientific and philo

sophical sources and not restrict themselves to translating Persian sources, 

for example. Dimitri Gutas, in his recent book Greek Thought, Arabic Cui-



Question of Beginnings I 1 1  

ture,22 offers a plausible explanation. Gutas refers to what he claims was the 

prevailing ideology of the time, reflected in a source that was quoted in the 

Fihrist of al-Nadim (c. 987), and which asserted that all sciences began in 

Persia and that those sciences were translated into Greek at the time of 

Alexander's invasion of Persia, thus leaving the Persians deprived of their 

legacy after the cataclysmic devastation that befell them at the hands of 

Alexander. So when those Persians came to power, inexplicably only during 

Abbasid times and not before during Sasanian times when they were the full 

masters of the lands east of the Euphrates and sometimes even west of it, 

they awakened to that ancient legacy and decided to reclaim it. Thus, start

ing with al-Man�ur, the second Abbasid caliph who enjoyed a relatively long 

reign, to al-Mahdi, and Harlin al-Rashid, and then of course to Al-Ma'mun, 

who epitomized this trend, one caliph after the other doggedly persisted in 

reclaiming this Greek scientific heritage. They also patronized the more lit

erary Persian translations, simply because there were no more sciences left 

in Persian after their abandonment from the time of Alexander's plunder. 

This explanation fits well with the then-prevailing trend in the classical 

sources just mentioned, in which the "Persian elements" were made respon

sible for this large-scale Abbasid enterprise. It does not explain, however, the 

lack of real interest in such reclamation of original Persian sciences from 

the Greeks during the times of the Sasanians, when they were the masters 

of the domain, and in constant warfare with the Greeks. In fact, the same 

reports that speak of the reclamation of the Persian sciences from Greek dur

ing Abbasid times also speak of earlier Sasanian attempts to reclaim Persian 

sciences, but mainly from India and China, and from the Greeks only as an 

afterthought. These reclamation efforts remain unsubstantiated.23 

Searching for evidence of the actual scientific texts that were produced or 

translated during Sasanian times, one could certainly find at least one astro

nomical work, the so-called Zlj-i Shahriyiir, which was later translated from 

Persian into Arabic. And since the Zlj itself was composed during Sasanian 

times, this does indeed indicate an interest in scientific works in the Sasa

nian Empire. Unfortunately the Zlj is no longer extant. But from the few 

citations of it in later Arabic sources, it seems to have been more indebted to 

Indian astronomical sources than to Greek ones,24 and thus this particular, 

almost unique, source does not attest to the interest in Sasanian Iran in 

reclaiming "their" Greek heritage. Rather it points in the other direction. 

Other astrological texts, such as the Anthologia of Vettius Valens25 and the 
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Carmen Astrologicum of Dorotheus Sidonius,26 were indeed reclaimed from 

Greek into ancient Persian, and were later translated into Arabic during 

Abbasid times. But even those astrological texts can hardly be called a recla

mation of the Greek sciences on the scale or sophistication in which they 

were reclaimed during Abbasid times. A look at the second of those texts and 

the fragments that have been quoted of the first reveals that they were 

mainly books of descriptive astrology and not the more sophisticated and 

demanding horoscopic astrology, which could be attained only after the 

translation of the more sophisticated texts such as Ptolemy's Handy Tables. 

Such tables would indeed enable one to cast a horoscope. 

Furthermore, when one surveys the texts that were translated during the 

Abbasid times, one finds a major qualitative difference between the texts 

that were translated then and the texts that were translated before, either 

into Syriac or into Pahlevi. In the earlier times, such elementary, mainly 

descriptive texts were translated into the various languages. In the later 

Abbasid times, most of the books that were sought for translation were on 

the whole theoretical in nature and were much more sophisticated in 

content. In contrast, one finds in the later period such translations as the 

Almagest of Ptolemy, Euclid's Elements, the Arithmetica of Diophantus, the 

Conics of Apollonius, and the Arithmetic of Nicomachus, and also more 

descriptive yet analytically theoretical texts, such as the Tetrabiblos of 

Ptolemy. There is no record that even the Tetrabiblos was been translated 

into Syriac or Pahlevi in pre-Abbasid times. The Syriac text that is designated 

as the Tetrabiblos at the Bibliotheque Nationale de France [Syr. 346, fols. 1-

35] is in fact a paraphrase, and a poor one at that, and not a translation of 

the type that was done in the case of the more theoretical texts that were 

translated into Arabic during the Abbasid times. And yet we do not even 

know when this paraphrase was produced. 

Therefore, when the classical narrative seeks the motivation for the trans

lation activity in the dominance of the "Persian elements" in the Abbasid 

empire, and in their desire to reclaim what they thought was theirs of the 

Greek sciences, that explanation creates more difficulties than it resolves, 

for it remains completely silent about the lack of concrete evidence for such 

motivation at the time of the supreme Persian ascendancy during Sasanian 

times. Furthermore, the legend of the translation of Persian sciences into 

Greek at the time of Alexander is not such a reliable story that it could be 

used as an explanatory basis for the translation movement that took place 



Question of Beginnings I 1 3  

during the early Abbasid times. I n  fact, the story itself i s  a part o f  the phe

nomenon of the translation movement itself and a feature of the intellec

tual life of early Abbasid times and not the explanatory cause of it. In all 

likelihood, the story was created after the facts and thus itself needs to be 

explained. 

(2) Another motivation for the translation activity during early Abbasid 

times, which is often cited by proponents of the classical narrative, is the 

ascension of al-Ma'mun to power in 813, and his reliance on the Mu'tazilite 

school of Kalam as a state theology. This particular caliph is often endowed 

with an interest in the philosophical sciences and a preoccupation with 

introducing the Mu'tazilite doctrines in the realm, so much so that he 

began to see dreams that justified his disposition. In  one of those dreams 

he is supposed to have seen Aristotle himself,27 and to have had the chance 

to interrogate the great master about the great ethical and philosophical 

issues of the day. He asked Aristotle, for example, "What is good?" Aristotle 

is supposed to have replied "That which is good in the mind." And when 

asked "What next?" Aristotle is supposed to have answered "That which 

is good in the law." When al-Ma'mun persisted in asking "What next?" 

Aristotle is supposed to have added "That which is considered good by the 

people." But when he again asked "What next?" Aristotle stopped and said 

"There is no next." In another account, Aristotle is supposed to have con

tinued to advise al-Ma'mun to treat those "who advised him about gold like 

gold" (an apparent reference to alchemists), and then he is supposed to have 

said "and you should adhere to the oneness of God ( 'alaika bi-1-tawf}zd) . "  

The last phrase i s  a n  obvious reference t o  the Mu'tazilite doctrine, a s  those 

people were called "the people of oneness" (ahl al-tawf}zd) on account of 

their insistence on God's oneness, which did not even allow the Qur'an, 

God's speech, to have been co-existent with Him at the beginning of time. 

(3) The third motivation is also associated with the Mu'tazilites and their 

connection with al-Ma'mun, who made their doctrine official state doctrine. 

This policy was also followed by two of his successors and eventually led to 

a type of inquisition often referred to in the sources as the mif}na (testing/ 

interrogation, inquisition),28 hardly an enlightened open environment for 

scientific inquiry. In this mil:ma people were supposed to declare that the 

Qur'an was created in time, specifically in agreement with the Mu'tazilite 
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doctrine that insisted on God's oneness in the beginning. People who 

refused to adopt such a doctrine, including the great jurist Al).mad b. ijanbal 

(d. 855), were put in jail.29 This climate is supposed to have energized philo

sophical thinking during that period of Abbasid rule, or at least so the clas

sical narrative goes, and thus it must have motivated the acquisition of the 

major Greek philosophical texts, and thus opened the doors for the vast 

translations that followed. In other words, the classical narrative asserts 

that once the doctrinal debates within Islamic society reached their peak to 

become part of state policy, the state must have encouraged the translations 

of all those philosophical and scientific texts in order to buttress its intel

lectual position. 

This explanation could have been plausible had it been supported by the 

facts. In this regard, the historical sources tell us that the Mu'tazilite con

nection with the state was indeed very short-lived, and when the caliph 

al-Mutawakkil came to power (847 A.D.) he not only reversed the policies 

of al-Ma'mun but went on to support the Mu'tazilite opponents, at this time 

called ahl al-lJadfth (people of tradition-meaning people who sought legal 

justifications in the traditions of the prophet, and less so in human reason

ing as the Mu'tazilites had done). And yet it was during the reign of this last 

caliph that the greatest amount of translations from Greek sources were ever 

accomplished and mostly by the prolific translator of the time, the famous 

ijunain ibn Isl).aq (d. 873), who worked as a physician at al-Mutwakkil's 

court. The books that were translated from Greek, mostly during the time of 

al-Mutawakkil, far outweigh those that were patronized by al-Ma'mun. In 

fact I know of only one surviving book that is expressly designated as hav

ing been translated at the order of al-Ma'mun, but I am not sure whether that 

designation was there on the book when it was first translated in 829 or 

whether it was added later by an owner or some other librarian trying to give 

its history.30 

The classical sources do in fact speak of all sorts of scientific activities that 

were patronized by al-Ma'mun, some apparently verifiably real such as the 

mission he sent to the desert of Sinjar to measure the length of one degree 

along the Earth's meridian,3 1  and to conduct some astronomical observa

tions. Other, perhaps more fanciful, stories such as the missions he sent to 

Constantinople to acquire Greek scientific manuscripts or Greek scientists 

speak to some interest this caliph may have had in such matters.32 But it is 
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never clear whether those activities were indeed ordered b y  al-Ma'miin him

self or by bureaucrats working in his administration. The role of the bureau

crats will become clearer in the next chapter. For now, the same historical 

sources, report that the later bureaucrats, who worked in al-Mutawwakil's 

administration, were themselves the ones who sponsored and paid for a 

great number of books to be translated. They also executed a great number 

of scientific and technological projects.33 In fact I do not know of a single 

book that was translated for al-Mutawakkil himself, despite the great intel

lectual activities that took place during his reign, but I know of a great num

ber of books that were translated for three brothers, known collectively as 

Banii Miisa, who worked at his court, and sometimes at great risk. I shall 

have reason to return to this aspect of the translation movement in the 

following chapter when I explain the alternative narrative regarding the 

rise of science in early Islamic times. For now, I continue with the critique 

of the classical narrative. 

Other Problems with the Classical Narrative 

When it comes to details, the classical narrative cannot account for the very 

scientific facts that have been preserved either in the classical historical 

sources of the period or in the scientific texts themselves. For example, more 

than one historian tells us34 that when the caliph al-Man�iir wished to build 

the city of Baghdad, in 762 A.D., he assembled three astrologers and charged 

them with casting the horoscope for the future city. They were supposed to 

choose the time for the foundation so that no potentate would be killed in 

the city. The horoscope itself is preserved in the Chronology of Biriini, and 

in several other sources. Most sources agree that the astrologers who were 

assigned that task included Nawbakht (a Persian astrologer who became the 

progenitor of the Nawbakht family of astrologers, which served caliphs for 

a whole century), Ibrahim al-Fazari, and Masha'allah al-Farisl. Biruni states 

explicitly that it was Nawbakht who determined the day for the foundation 

of the city to coincide with the propitious 23rd of July of that year. 

If the ancient Greek sciences were supposed to have been brought into 

Arabic by the Persian-leaning elements of the Abbasid dynasty, even if we 

grant that this interest started with al-Man�iir himself, and if we grant that 

they could recruit for the purpose of the horoscope the Persian astronomers 

Nawbakht and Masha'allah, then who was this Ibrahim al-Fazari, obviously 
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an Arab from the tribe of Fazara, who was also invited to join them, and 

where did he acquire the kind of advanced astronomical knowledge that he 

would have needed for casting such a horoscope at that early time in the 

Abbasid reign? Where did his usual collaborator Ya'qub b. Tariq learn his 

own astronomy so that he could produce, together with Fazarl, a transla

tion of the Sanskrit Sidhanta (al-Sindhind), which was completed during the 

caliphate of al-Man�ur (754-775 A.D.)?1' Later sources always joined those 

two names together,36 so it is sometimes difficult to determine who did 

what. For the purposes of the Baghdad horoscope, we may stipulate that 

Fazarl may have learned his craft in Persia. But the sources are silent on 

that, and we do not know much about the Persian astronomy of the time 

beyond the existence of the Shariyar zzj (which was quoted in later 

sources). Furthermore, the historical sources that connect the two assert 

that this very same Fazarl and/or Ibn Tariq also wrote a theoretical astro

nomical work called Tark!b al-aflak, which seems to have been lost. The 

same Fazarl is also credited with the authorship of his own zzj, in which he 

used the "arab years" ( ala sinzy al- 'Arab)Y Writing a theoretical astronomi

cal text, transferring a zzj to a different calendar with a completely different 

intercalating scheme, and producing astronomical instruments such as 

astrolabes-as we are also told about these men-could not have been done 

by amateur astronomers. Who educated Fazarl and Ibn Tariq in all these 

fields of astronomy? And even if we believe that the three astrologers also 

used the Persian Z!j-i Shahriyar for the purposes of the horoscope, we should 

also ask about another Arab, 'All b. Ziyad al-Tamlml, from the tribe of 

Tamlm, who was supposed to have translated this zzj into Arabic.38 Who 

taught al-Tamlml how to translate a zzj, and when he did so did he also 

transfer it into Arab years (as we are told Fazarl had done)? 

All this evidence indicates that there was a class of people, who were 

already in place by the time the Abbasids took over from the Umayyad 

dynasty, who were competent enough to use sophisticated astronomical 

instruments, to cast horoscopes, to translate difficult astronomical texts, 

and to transfer their basic calenderical parameters, as well as to compose 

theoretical astronomical texts such as Tarkzb al-afliik. Such activities could 

not have been accomplished by people who were just learning how to trans

late under the earliest Abbasids, as the classical narrative claims. 

The situation gets more complicated, again on the level of details, when 

we look at the works that were produced about 75 years later by people like 
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al-I:Iajjaj b .  Matar (fl.  ca. 830), who translated the two most sophisticated 

Greek scientific texts: Euclid's Elements and Ptolemy's Almagest. We know, 

for example, that al-I:Iaj jaj finished his translation of the Almagest in the year 

829, as is attested in the surviving copy now kept at the Library of Leiden 

University (Or. 680). And when we look at this translation we are immedi

ately struck by two most startling phenomena: the language of the text is 

impeccably good Arabic, technical terms and all; and the Arabic translation 

even corrects the "mistakes" of the original Greek Almagest. Who taught al

I:Iaj jaj the technical terms, and who taught him how to correct the mistakes 

of the Almagest? Neither of these questions is resolvable if we continue to 

believe the classical narrative that dates the beginning of the serious trans

lations to the time of al-Ma'mun (813-833). Early translations usually 

struggle with technical terminology, and usually do not go beyond the let

ter of the text and would never dare correct its mistakes, if they could under

stand the text in the first place. 

Furthermore, we know that al-I:Iaj jaj's translation of those scientific works 

was not the first. In fact, we are explicitly told by some sources that those 

two books were already translated under the patronage of Khalid al

Barmakl, the vizier of Harlin al-Rashld (d. 809), and maybe by al-I:Iaj jaj him

self, and by others that they were translated during the time of al-Man�ur 

(754-775) . 19 But the farther back these translations are pushed, the more 

complicated the story becomes, for the question of the development of tech

nical terminology would still persist and actually becomes even more dif

ficult to answer. In any event, the text as it is now preserved in the 829 A.D. 

translation reveals a maturity that could not have come from one genera

tion of translators. And thus we must allow for a longer period of translation 

so that more than one generation of translators would create enough out

put to produce technical terminology and teach the sophisticated mathe

matics and linguistic skills that were required to render the Almagest, the 

Elements, and similar books into the kind of coherent Arabic in which they 

are preserved. 

During the same early period-that is, during the reign of al-Ma'mun-we 

also witness the creation of the new discipline of algebra by Mul)ammad b. 

Musa al-Khwarizml (fl. ca. 830),40 already in a mature format-treating, for 

example, the field of second-degree equations in its most general form. This 

happened before the translation of the work of Diophantus and other Greek 

sources. This does not mean that classical Greek sources, or for that matter 
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ancient Babylonian sources, did not include algebraic problems, but the 

coinage of the new term for algebra (al-jabr), and the statement of the disci

pline in general as different from arithmetic, 41 required a kind of maturity 

that could not have come with the first generation of translators if we 

assume that translations began with the early Abbasid times as the classical 

narrative stipulates. Under such circumstances we are entitled to ask " Who 

taught al-Khwarizmi to do what he did?" 

Similarly, a few years later, or even contemporaneously with Khwarizmi, 

we witness the creation of the discipline of Hay 'a, as in 'ilm al-hay'a, which 

also did not have a Greek parallel. And that too could not have come about, 

as it did in the work of Qusta b. Luqa (fl. ca. 850), which is still preserved in 

an Oxford Manuscript,42 during the first generation of translations. More

over, it is remarkable to note that Qusta himself, like other accomplished 

translators of his time, was already composing his own new scientific books, 

like his book of Hay'a just mentioned, while he was still translating older, 

more common Greek scientific texts. I:Iunain did the same, and so did many 

others in this period. All that could not have come about at the hands of 

people who were translating for the first time, and needing to create the 

new technical terminology for their translations as well as their original 

compositions. In Qu�ta b. Luqa's Arabic translation of the Arithmetica of 

Diophantus there is a clear adoption of the algebraic language that was 

developed by the Arabic-writing algebraists of QuHa's time, as is evident 

from Qusta's reference to the title of Diophantus's work as �inii 'at al-jabr (Art 

of Algebra), a term that does not exist in Greek, and as was discussed by 

Rashed.43 This kind of liberty with the translation clearly demonstrates the 

dynamic nature of the translation process of the early ninth century. 

Classical Greek scientific texts could easily be acclimatized within the cur

rent Arabic sciences of the time, thus transforming the translation process 

into a simultaneous creative process as well. 

Furthermore, the remarkable advances that were made by I:Iabash al-I:Iasib 

(fl. ca. 850) in the field of trigonometry and mathematical projection go far 

beyond what was known from the Indian and the Greek sources, and they 

could not have been accomplished by someone who was only a beneficiary 

of an early stage of translation. I:Iabash devised new ways of projecting 

planespheric astrolabes that preserved such fundamental features as direc

tions to a specific point on the globe (in this case Mecca) and the distances 

to that point.44 Such projections were not known from any earlier civiliza-
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tion, and their existence must give rise t o  questions regarding the possibil

ity of the production of such results by people who would have been still 

struggling with the creation of new technical terms if they were contempo

raries with the early generation of translators. 

This generation of early mathematicians and astronomers must have also 

developed the Indian numeral system to such an extent that by the next 

century we note the first appearance of decimal fractions together with the 

decimal point in a manuscript completed in Damascus in 952 by Uqlidisi. 45 

In sum, such results as the new algebra and trigonometry, the new hay'a 

as well as the new methods of projection and the introduction of the Indian 

numerals and the development of decimal fractions, could not have all been 

produced at the same time with no previous works in those domains or in 

domains directly related to them. As a result, if the classical narrative insists 

on the beginning of the translation movement with the coming of the 

Abbasid Empire, and for reasons that were only motivated by the desire of 

the Abbasid caliphs, these questions will have to be answered before such 

claims can be accepted. 46 

Scientific Instruments and Observational Astronomy 

In the field of scientific instrumentation, like the production of new types 

of mathematical projections that were created by J:Iabash as was already 

stated, those instruments could not have been created ex nihilo, as the clas

sical narrative would want us to accept. In the case of I:Iabash's astrolabe, the 

new projections seemed to be related to the new Islamic requirements of 

facing Mecca while praying five times a day and performing a pilgrimage 

at least once in a lifetime. Yet such developments still required a remark

able sophistication in the application of geometric and trigonometric 

methods. Under normal circumstances, all these features would not usually 

come at once, but would rather progress slowly over time. 

Similarly, the scientists of the same generation of J:Iaj jaj ,  Khwarizmi, and 

J:Iabash and their colleagues seem to have also taken it upon themselves to 

double-check the observational results that were reported in the Greek and 

Indian sources from which they were trying to get their own inspiration. 

And there too, we find remarkable results already achieved in this very early 

period that indicate a much longer acquaintance with those fields. The 

observation that determined that the inclination of the ecliptic was not 
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23;5 1 ,20° (as was reported in Ptolemy's Almagest47) or 24°4M (as was reported 

in the Indian sources), but that it was about 23;30° (as was determined dur

ing the first half of the ninth century49). That could not have come about as 

a result of the efforts of inexperienced astronomers who were conducting 

those observations for the first time. Such precision could only be achieved 

by mature astronomers who knew exactly what they were doing. That their 

value for the inclination is still in circulation today is a testament to the 

ingenuity of those ninth-century observers. 

In the same vein, the determination of the new value for the precession 

parameter as 1 o /66 years 5° or for the value of the solar equation, or the 

motion of the solar apogee-supposed to be fixed by Ptolemy-also could 

not have come about at the hands of inexperienced astronomers who were 

trying their hands on the discipline for the first time just as the major texts 

of that discipline were being translated. All these results must presuppose a 

longer acquaintance with such methods of observations, such new notions 

of precision, and such reflection on the function of instruments in deter

mining new parameters. In sum, they must presuppose a much longer 

period of instruction and acquaintance with such concepts before the 

efforts would begin to yield such fruits. 

Add to that the critique of the Greek observational as well as theoretical 

approaches to astronomy that were leveled by MuJ:lammad b. Musa b. 

Shakir51 and his brothers AJ:lmad and f:Iasan. MuJ:lammad, the first of the 

three brothers, would critique Ptolemy for his incoherent description of the 

physical operations among the celestial spheres, and would deem such 

motions physically impossible. And the three brothers together, or someone 

in their circle, would critique the method by which Ptolemy determined the 

position of the solar apogee. 52 These are not efforts that could happen all at 

once without previous experience with observational techniques, acquain

tance with instruments, critical judgment of the sources of error, a devel

oped concept of precision, and a well-thought-out connection between the 

observations and the theoretical results that were being achieved. People 

who were still struggling to translate texts for the first time could not nor

mally achieve such maturity. 

Problems with the End 

Not only does the classical narrative fail to solve the problems I have been 

discussing so far, which are connected with the beginnings of scientific activ-
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ities in Islamic civilization; it also fails to account for the questions raised 

during the later centuries. In particular, the decline of Islamic science, which 

was supposed to have been caused by the religious environment that was 

generated by Ghaza!I's attack on the philosophers or by his introduction 

of the "instrumentalist" vision, does not seem to have taken place in reality. 

On the contrary, if we only look at the surviving scientific documents, we 

can clearly delineate a very flourishing activity in almost every scientific dis

cipline in the centuries following Ghazali. Whether it was in mechanics, with 

the works of jazarl (1205)' 1; or in logic, mathematics, and astronomy, with the 

works of Athlr al-Dln al-Abharl (c. 1 240),'4 Mu'ayyad al-Dln al-'Urqf (d. 

1 266)," Na�lr al-Dln al-Tlisf (d. 1 274),56 Qutb al-Dln al-Shlrazl (d. 1 3 1 1),57 

Ibn al-Shatir (d. 1 3 75),5H al-Qushjl (d. 1474),59 and Shams al-Dln al-Khafrl 

(d. 1550)60; or in optics, with the works of Kamal al-Dln al-Farisf (d. 1 320)61 ;  

or in Pharmacology, with the works of Ibn al-Baitar (d. 1 248)62; or in medi

cine, with the works of Ibn al-Nafis (d. 1 288), 63 every one of those fields wit

nessed a genuine original and revolutionary production that took place well 

after the death of Ghazali and his attack on the philosophers, and at times 

well inside the religious institutions. 

It is not only that the classical narrative could not actually account for this 

prolific scientific production, at a time when the whole Islamic world was 

supposed to have been gripped by religious fervor, as the classical narrative 

dictates. Its failure went even further. It warped the production of those sci

entists when it deemed their results insignificant, and when it noted that 

those results were not translated into Latin during the medieval period, and 

thus concluded that the European Renaissance was achieved indepen

dently of what was taking place in these later centuries of the Islamic world. 

The works of this world that fell in between European medieval times 

and the time of the Renaissance could not be included in the general kind 

of history of science that the classical narrative could assimilate. As a result, 

the schism between what was happening in the Islamic world and what hap

pened in the Latin West between the Middle Ages and the Renaissance grew 

deeper and deeper with the application of the classical narrative to the his

tory of science. At the end the chasm was so deep that the relationship 

between those two worlds could no longer be understood, if its study was 

ever attempted. 

With the European renaissance perceived as an independent European 

enterprise, and with the trajectory of scientific developments focusing 

on what took place in renaissance Europe, we also lost sight of the very 
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exciting activities that took place at the borders between the Islamic and 

Byzantine civilizations. With the classical narrative emphasizing the impor

tance of Arabic sources, only in as much as those sources could lead to the 

recovery of classical Greek antiquity-itself the object of the Renaissance as 

is commonly held-the outflow of scientific ideas from the lands of Islam to 

the Byzantine territories through the translations that went back from 

Arabic into Greek (Byzantine Greek at this time), starting at least as early as 

the tenth century and continuing till the fall of the Byzantine empire in the 

fifteenth century, still have not been accounted for. As a result, a whole 

chapter of scientific activities migrating across cultures remains almost 

completely lost to this day. Had it not been for the few maverick efforts of 

Neugebauer, 64 Pingree, 65 Tihon, 66 and their colleagues, and most recently 

Mavroudi, 67 no one would have known that there was such a rich chapter of 

scientific exchanges between Islam and Byzantium in a completely unex

pected direction. This exchange, as it is becoming more and more apparent 

may have played a very important role in transmitting scientific ideas from 

Islamic civilization to the European renaissance, and thus must change the 

very image of the renaissance itself when it is fully accounted for. 

Of the problems associated with the classical narrative, we must note 

that the insistence on the independence of the European renaissance from 

outside influences also keeps us from appreciating the role of such dis

tinguished Renaissance scientists as Guillaume Postel ( 1 5 1 0-1581) ,  whose 

handwritten annotations on Arabic astronomical texts, still preserved in 

European libraries, must raise the question about the very nature of the 

astronomical activities of the European renaissance. When we look at some 

of the Arabic astronomical manuscripts that were owned by Postel and were 

annotated in his own hand, and remember that Postel may have very well 

used those same manuscripts to deliver his lectures in Latin at the institu

tion that later became the College de France, we are then forced to ask 

"Whose science was Arabic science in Renaissance Europe?"6H All these prob

lems must be resolved, not only in order to understand the extent to which 

Islamic science was integral to the science of the Renaissance, but also in 

order to understand the very nature of the Renaissance science itself. 

In the same vein, if we ignore, as the classical narrative urges us to do, the 

theoretical contacts between the land of Islam and Renaissance Europe, 

such as the transmission of mathematical theorems used in astronomical 

theories, then the sudden appearance of those theorems in Latin Renais-
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sance texts will also remain unaccounted for and incomprehensible. We 

already know that astronomers of the Islamic world had used those very the

orems for a few centuries. We shall have occasion to return to this very fertile 

area of research when we consider the relationship between Copernicus's 

mathematical astronomy and his Islamic predecessors. 

The case of the discipline of astronomy in particular is very relevant here 

for yet another reason. For it was this discipline in specific that seems to 

have suffered the most as a result of the popularity and the hegemony of 

the classical narrative. On the one hand, we note a remarkable activity, 

of the highest order of mathematical and technical rigor, that kept on flour

ishing in the Islamic world after the death of Ghazall, so much so that I have 

dubbed this post-Ghazall period as the golden age of Islamic astronomy, and 

yet none of those results that were reached during that period had a chance 

of being considered by the proponents of the classical narrative as being 

worthy of attention, let alone consider their influence on Renaissance 

Europe. In fact, as we shall see later, some of the results achieved in this 

period were so badly understood by the very few orientalists who ventured 

to study them, that their significance was not understood properly, both to 

the disadvantage of the historian of Islamic science as well as the historian 

of Renaissance science. 

For example, when the great orientalist Baron Carra De Vaux attempted 

to understand the most important chapter in the astronomical work of 

Na�Ir al-Din al-Tiisi, al-tadhkira (book II, chapter 1 1),  in order to make the 

results of this chapter available to Paul Tannery for his classic Recherches sur 

l'histoire de l 'astronomie ancienne, 69 De Vaux had this to say: "Le chapitre dont 

nous allons donner Ia traduction suffira peut-etre a faire sentir ce que Ia 

science musulmane avait de faiblesse, de mesquinerie, quand elle voulait 

etre originale."70 He continued: "La portee de ce chapitre n'est done pas tres 

grande; il merite neanmoins d'etre lu a titre de curiosite."71  This was said of 

the chapter that was most relevant to the astronomy of Copernicus, who 

himself used the results that were already established in it by Tiisi to con

struct a very essential component of his own astronomy of the De Revo

lutionibus. As a result of the frame of mind that was generated by the classical 

narrative, the real significance of this chapter to the revolution against 

Ptolemaic astronomy, and to the work of Copernicus that was yet to come, 

is completely lost to the historian who insisted that no new results could 

have been produced after Ghazali's attack on the philosophers. 
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Still in the field of astronomy, and to detail further the amount of damage 

done by the hegemony of the classical narrative in intellectual history, take 

the remarkable work of another orientalist, Francois Nau, who edited and 

translated the work of Bar Hebraeus (1286), Livre de / 'ascension de /'esprit sur 

Ia forme du ciel et de Ia terre. 72 Without doubt, this is the most innovative 

work in Syriac. Composed around 1 279, it was heavily influenced by the 

Arabic astronomical revolution that was taking place during the thirteenth 

century. While editing and translating that work, Nau could not understand 

the "strange things" (sharbe noukroyoye, chases etrangeres) that were rele

vant to the "nature of the spheres of the moon"ll when these things were 

in fact lists of objections to Ptolemaic astronomy of which even Bar 

Hebraeus was aware, although he was not a practicing astronomer. Similar 

terminology was used by Bar Hebraeus to describe the problem of the 

equant, which was more associated with the "upper" planets (Saturn, 

Jupiter, Mars, and Venus) in Ptolemy's astronomy/4 These "strange" things 

that Bar Hebraeus was pointing to were in fact in the same tradition of objec

tions against Ptolemaic astronomy and had already been listed and codified 

in Arabic sources from the ninth century on. They were most elaborately 

codified in the famous extant work of Ibn al-Haitham (d. 1049) called al

Shukuk 'alii Batlamyzls (Dubitationes in Ptolemaeum) . l" 

Furthermore, Nau could not have been aware of the interdependence 

between the text of Bar Hebraeus and the texts of his contemporaries 

Mu'ayyad al-Dln al-'Urc.II and Na�lr al-Dln al-Tus! as well as others. The 

works of those Arabic-writing astronomers had not yet been studied by 

the time when Nau was writing, except for the one chapter of Tusi's work 

which was translated by De Vaux and which had no parallel in the work of 

Bar Hebraeus. But most probably, those post-Ghazall works were not stud

ied because the proponents of the classical narrative did not deem them 

important enough since they came from the period during which no impor

tant works were supposed to have been written. This is a typical example of 

a self-fulfilling prophecy. 

Similar things happened in the field of medicine. To name only one more 

instance of the damage the classical narrative has inflicted upon the post

Ghazall texts, I draw attention to the work of the famous Ibn al-Nafis of 

Damascus and Cairo, who dared check the work of the great Greek physi

cian Galen and dared say that there was a medical problem in that work. 

Galen had stipulated that the blood was purified in the heart by being 
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passed from the right ventricle to the left one through a passage between the 

two ventricles. Ibn al-Nafis protested loudly, around the year 1241,  that 

there was no such a passage between the two ventricles of the heart. He went 

on to say that the body of the heart at that point was solid and does not 

allow a visible passage as "most people had said, " nor an invisible one, as 

was stated by Galen. After rejecting the authority of Galen, by only using the 

evidence that he must have seen with his own eyes, he went on to articulate 

the need for the blood to pass through the lungs before it could be cleaned 

and passed on to the left ventricle so that it could be pumped through the 

body again. Of course this finding appears later in the works of Michael 

Servetus (ca. 1 553) and Realdo Colombo (ca. 1 5 59),76 to be further refined 

and re-articulated by Harvey in 1 627 and become the famous pulmonary or 

lesser circulation of the blood. The important point I wish to make here is 

that Ibn al-Nafls's objections went unnoticed by proponents of the classical 

narrative, because those proponents did not expect to find such original 

thought at such a late date in the post Ghazall period. As a result those objec

tions were deprived of being contextualized in their normal Islamic habitat 

where such similar medical and philosophical objections against Galen 

had already been raised before by such people as Abu Bakr al-Razi (d. 925) in 

his famous book a/-Shukiik 'alii fc1llmls (Doubts contra Galen), 77 or against 

the astronomical works of Ptolemy as was done in the just-cited work of Ibn 

al-Haitham. 

Arguments are still raging about the importance of Ibn al-Nafis's findings 

and their relevance to the European scientists of the sixteenth and seven

teenth centuries, all because the classical narrative had simply exercised 

such a hold on people's minds, and for so long, that it now seems to make it 

almost impossible to think outside its boundaries. This is the kind of dam

age that this classical narrative has already caused to our understanding of 

the post-Ghazall texts, as well as the texts of the European Renaissance itself. 
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The Alternative Narrative 

The detailed critique of the classical narrative, in the preceding chapter, was 

undertaken for the sole purpose of liberating the historical and scientific 

sources from the stronghold of presupposed ideas. And now that we have 

seen the inadequacy of this classical narrative, I think it is time to abandon 

it altogether in favor of an alternative narrative that can explain the texts 

and the facts of history slightly better. In this, as throughout this book, I will 

rely more heavily on the discipline of astronomy to illustrate its progress in 

light of another narrative that could explain its various phases more appro

priately. I choose astronomy, not only because this discipline was invariably 

held as the queen of the sciences in almost every culture, but because this 

field continued to witness a steady progress from its very beginnings in early 

Islamic times till the sixteenth century and thereafter. I presume that the 

narrative that could account for the history of astronomy could ultimately 

have its effectiveness tested when it is also used to account for the history 

of other disciplines. One may continue to re-examine the alternative nar

rative in light of the evidence that the other disciplines may bring forth, and 

repeat the process until we reach the day when we can hopefully construct 

a narrative that can truly help us understand the fundamental role of 

science in Islamic civilization. Only then could we securely and more confi

dently relate the role of Islamic science to the role played by other sciences 

in other cultures. 

I am aware that what we now know of individual Islamic scientific disci

plines still represents the very tip of the iceberg, and thus this tip may yield 

a defective picture when taken to represent the whole iceberg. But I do 

believe that we know enough, at least in the discipline of astronomy, so that 
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we can use it as a template through which we can build a more accurate nar

rative regarding the place of science in Islamic culture. I invite colleagues 

who work in other disciplines of the same culture, especially those disci

plines that experienced a sustained growth over the centuries, to test this 

new narrative against the facts that they can gather in their own disciplines 

and to commence a dialogue on how best to explain the role of the various 

aspects of Islamic science. I firmly believe that it will be very difficult to 

speak of one Islamic science that had this or that characteristic, but much 

more feasibly speak of various disciplines experiencing different trajectories 

throughout the long history of Islamic civilization. And it is the latter story 

that we should attempt to detail. 

The roots of the alternative narrative that I propose here should be sought 

in the historical sources themselves. This, despite the fact that one cannot 

find many such sources that theorize about the beginnings of scientific 

activities per se. Yet we still find some who did something close to that or 

others from which we can cull such elementary attempts at theorizing. It is 

those sources in particular that I would like to interrogate, and to emphasize 

at this point, in order to keep the historical context as close as possible to 

the events we are trying to disentangle. 

The foremost theoretician of the early Islamic period is a man whose per

sonal biography is slightly obscure, but whose work, which has survived 

almost in its entirety, is filled with nuggets that seem to have escaped the 

attention of modern students of Islamic intellectual history as well as the 

modern historians of Islamic science. The person in question is Abu al-Faraj 

Mu[.lammad b. Abi Ya'qub Is[.laq al-Nadim, also known as al-Warraq, the 

paper and/or bookseller. From the evidence of his name alone we cannot tell 

whether Abu al-Faraj himself was the one who acquired the title al-Nad!m 

(boon companion), or whether the title had already belonged to his father 

Abu Ya'qub. I opt for the first, since we know nothing about the father. 

Moreover, the kind of work Abu al-Faraj himself had produced, in which he 

combined anecdotal and serious narrative history, amply qualified him to 

the companionship of any caliph. Yet, one can still find many people refer

ring to him as Ibn al-Nadim (the son of the boon companion). We do not 

know much about his birth or death dates, but what interests us here is 

his remarkable work al-Fihrist, a book that he completed, according to his 

own statement, in the year 377 A.H. = 987-988 A.D. 1 In it, al-Nadim tries to 

explain the intellectual history of Islamic civilization, up to his time, by 
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surveying the intellectual production, in all conceivable disciplines that 

were known in early Islam, that he himself had come across or about which 

he had already heard. The book is arranged in ten treatises (maqalas), each 

devoted to one of the distinct intellectual fields that were recognized in his 

time. The seventh of those treatises, which concerns us directly here, deals 

with the subject of the "ancient sciences," or in his own words "contains the 

accounts of the philosophers and the ancient sciences and all the books that 

were composed in those domains." And it is in this treatise that we find the 

following accounts about the origins of the scientific activity in early Islam. 

I give these accounts as a prelude to the introduction of the alternative 

narrative because I wish to claim that this alternative narrative was already 

proposed in a round-about elementary way by al-Nadlm himself. Only 

that up till now no one has gone through the pain of developing it further. 

This exercise does not only promise to yield a better understanding of al

Nadim's work itself, but can give us the tools with which to understand the 

scientific developments that were only narrated by al-Nadim and by biD

bibliographers who followed him later in the eleventh and thirteenth 

centuries. 

The Historical Account of the Rise of Science in Early Islamic Times 

According to ai-Nadlm 

I wish to preface al-Nadim's account by the remark that the problems relat

ing to the beginnings of scientific activity in early Islamic times which were 

discussed in the previous chapter, as well as the phenomenal rise of science 

during that period, did not go unnoticed by early generations of intellectu

als who lived within the earliest centuries of Islam. In fact, such topics must 

have become topics of debate to be picked up by all those who were inter

ested in explaining the appearance of scientific production in Islamic civi

lization. And as it is well known, the very concept of "ancient sciences" 

itself-as distinguished from the "Islamic sciences"-was itself coined at 

this time, and must have quickly become a major topic of discussion to 

intellectual historians of Islam as far back as the sources seem to record. But 

the ninth and tenth centuries in particular are especially significant for this 

discussion, for as we shall soon see, the very terms "ancient" and " Islamic" 

sciences, or "rational" versus "traditional" meant something quite particu

lar in this period. 
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Ninth-century sources, and then more elaborately tenth-century ones, 

spoke about such phenomena and offered their own explanations of them. 

But the most sophisticated account of the rise of science in early Islamic civ

ilization and the motivation for it, that I know of, is this very account, given 

in the Fihrist of al-Nadim. 

In the introductory section of the Seventh Treatise of al-Nadim's Fihrist,2 

a treatise devoted to the " ancient sciences" and their importation into 

Islamic civilization as we just said, al-Nadim tries to survey the various opin

ions that were commonly held on the subject during his own time. Here he 

acts more as an intellectual historian who tries to explain historical events 

rather than a historian who simply records them. In his own style of hold

ing the reader's attention, he arranges those accounts in the form of anec

dotes, more like short stories (he actually calls each of them a l:zikaya (story), 

but in each case he reports the transmission of science from one culture to 

another as if he was trying to lay down the theoretical foundation for the 

phenomenon of the transmission of science in general. Without explicitly 

saying so, he certainly hoped to use these various stories in order to explain 

the introduction of the "ancient sciences" into Arabic. 

The first two stories are attributed to the scientists themselves, that is, 

those who made a living from their knowledge of the "ancient sciences." By 

scientists, al-Nadim seems to indicate those professionals who made a living 

from the "ancient sciences," and who were most likely to know the history 

of their profession better than anyone else. In itself, that was a very reason

able assumption, one would think. But unfortunately al-Nadim gives no 

indication that he knew that the assumption itself was open to the internal 

party biases of the professionals. In al-Nadim's opinion, those scientists 

deserved the lion's share of the interpretive narrative that governs the his

tory of their discipline. 

Because this part of the discussion touches upon the interpretive aspect 

of the rise of science in Islamic civilization, at least as far as al-Nadim was 

concerned, and because it is both theoretically, as well as historically, very 

important for our discussion, I will therefore quote al-Nadim's account in 

some detail at this point. 

Al-Nadim takes his first story from a book called Kitab al-Nahmatan. The 

book itself is no longer extant in full, and seems to have survived only in 

fragments, such as the one quoted here by al-Nadim.3 Its author was Abu 

Sahl al-Faql b. Nawbakht, simply called Abu Sahl by al-Nadim. He was appar

ently the same Abu Sahl who was the astrologer of Hartin al-Rashid, and 
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the son of  Nawbakht who participated in the casting of  the horoscope of  

Baghdad during the time of  al-Man�iir, as  we saw before. While we know 

that Nawbakht, the father, may have died at the end of al-Man�iir's reign 

in 775, we do not know how much longer the son Abu Sahl outlived, if he 

did, Harlin al-Rashid, who died in 809. In any event, in al-Nadim's account 

according to the text of al-Nahmatan is quoted as such (with some para

phrasing to avoid the flowery language): 

The Story of Abu Sahl b. Nawbakht4 
The kinds of sciences from which the science of the stars takes its indications of future 

things were already known and described in the books of the Babylonians. It was from 

those books that the Egyptians had learned their craft, and the Indians have also 

employed it in their own country. That was at the time when those ancient people 

had not yet committed sins and evil deeds, and had not yet sunk as deeply into the 

ignorance that caused their minds to become confused and their dreams to abandon 

them. Their confusion led to the loss of their religion, and thus they became totally 

lost and completely ignorant. They remained in that condition for a while until some 

of their descendants experienced an awakening that allowed them to remember the 

past sciences and the conditions of bygone days and how things used to be governed 

and consequences used to be drawn about the state of the inhabitants and the posi

tions of their celestial spheres, their paths, and their details as well as their celestial 

and earthly mansions in all of their directions. That happened at the time of the king 

Jam son of Onjihan' the king. 

The learned from among the people knew those things at that time and recorded 

them in their books and explained the contents of those books. They described, as 

well, the conditions of the surrounding universe in all its majesty and the causes of 

its foundation and its stars. They also knew the conditions of the drugs, medications 

and talismans, and such things that people used in their affairs that lead them to good 

and evil. They persisted as such for a while until the time of al-QaJ::lJ:!ak b. Qayy. [From 

words other than those of Abu Sahl: diih ak, means ten afflictions that the Arabs have 

transformed into al-Qai:JJ:!ak-we now return to the statement of Abu Sahl] . Ibn Qayy 

ruled during the time when the reign, allotment, sovereignty and governorship of 

Jupiter ruled over the years, in the land of Sawad [i.e. ancient Babylonia]. There he 

built a city whose name was derived from the name of Jupiter. He gathered in it the 

sciences and the scientists, and built in it twelve palaces, the same number as that of 

the zodiacal signs, and named (the palaces) according to the names (of the signs). 

There he stored the books of the learned and made the scientists live in those 

(palaces). 

[ From words other than those of Abu Sahl: he built seven houses, the same num

ber as that of the seven planets and gave each of those houses to one man, thus giv

ing the house of Mercury to Hermes, the house of Jupiter to Tinkalus," the house of 

Mars to Tlnqarus (Teukreus?).] 
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We return to the statement of Abu Sahl. 

People obeyed them and followed their direction, since they knew how much more 

advanced they were from them in matters of knowledge and means of securing their 

wellbeing, until a prophet was then sent to them. As soon as the prophet appeared 

among them and once they knew about him, they forgot their sciences, and their 

minds became confused. As a result they became all dispersed and their opinions 

diversified according to their lusts and parties, so much so that each one of those 

learned men departed to a city in order to inhabit it and rule over its population. 

Among them was a learned man called Hermes. He was the most perfect of all in 

terms of his intellect, and most precise in knowledge and most subtle in discerning. 

He came to the land of Egypt. He ruled over its population, enriched its land and 

improved the conditions of its residents, and manifested his learning in it. 

But most of that learning and the best of it remained in Babylon, until the time 

when Alexander the king of the Greeks invaded the land of Persia, from a city the 

Greeks call Macedonia. That was at the time when [the Persian king Darius[ denied 

the tribute that was imposed on Babylonia and Persia, and thus [Alexander[ killed the 

king Dara the son of Dara and took over his dominion. He destroyed the cities and 

the towers that were built by devils and giants and demolished all the buildings 

with all the sciences that were engraved on their stones and woods. He shattered and 

burnt all that and scattered their contents everywhere. He copied what was gathered 

in the libraries and government offices of the city of Istakhr. He translated all that into 

Greek and Coptic. And after he had finished copying what he needed from it all, he 

burnt all that which had remained written in Persian, including a book called al

Kushtaj. He took all that he needed of the books of the science of the stars, of medi

cine, and of the natural sciences and sent them together with what he had gathered 

of the other sciences, treasures, and scientists to Egypt. 

There remained few things that were sent by the kings of Persia for safekeeping to 

India and China at the time of their prophet Zaradasht (Zoroaster) and the Wise 

Jamasp. [This took place] when they were warned by that prophet and by Jamasp of 

the deeds of Alexander and his conquest of their land, his destruction of their books 

and sciences, and his transporting them to his own country. 

At that time, learning in Iraq disappeared, was torn apart, and the scientists, few as 

they were, disputed among themselves and differed greatly. People split along parti

san lines and scattered into schisms, so much so that each group of them took a king 

to itself, and were thus called mu/17k al-tawil'i((kings of the sects). 

Then the Greeks came under one dominion during the time of Alexander; and after 

having been all dispersed and engaged in war with one another, they were finally 

united with one hand. While the dominion of Babylonia remained weak, corrupt and 

fragmented, and its people were oppressed, and defeated, so much so that they could 

not defend their honor nor dispel any harm. [These conditions prevailed [ ,  until there 

came the reign of Ardashlr, the son of Babak, of the dynasty of Sa san. He healed their 

divisions, united their various sects, and conquered their enemy and took control of 

their country. He united them under his rule, cured their partisanship and assumed 
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full reign over them. He then sent to India and China as well as to Greece for the books 

they had in their possession. He copied all that had fallen into their hands, and pur

sued the very few remaining sciences that had survived in Iraq. He gathered together 

all that had been dispersed, and collected all that which was scattered. 

His son Shapur, who succeeded him, persisted in this policy, until all those books 

were copied into Persian: among them the books of Hermes the Babylonian who ruled 

over Egypt, Dorotheus the Syrian, Phaedrus the Greek from the city of Athens which 

was famous for its learning, Ptolemy the Alexandrian, Farmasp the Indian. They then 

explained those books and taught them to the people, just as they have learned from 

those books, which were originally from Babylon. 

Then Chosroes Anushirvan succeeded those two ! meaning Ardashlr and Shapur] 

and did his own gathering and collecting of books, and employed them on account 

of his love and passion for knowledge. 

And so is the case of every people who had had such events befall them at times 

and their lots had changed. They would acquire new sciences in accordance with the 

decree that was meted to them by the planets and the zodiacal signs that control this 

world by the order of the almighty God. Here ends the speech of Abu SahJ.7 

This story indeed exhibits the stuff of legends. But it is easy to detect its 

intent and the reason why Abu Sahl recounted it in the first place. Besides 

taking a jab at the possible conflicts between kings and prophets, Abu Sahl 

obviously sought to highlight two main issues: 1) the antiquity of the 

science of the stars, that is, astrology, which was his profession, and 2) he 

wished to relate the origins of all sciences to Babylonia, and by extension to 

Persia which ruled over Babylonia for long periods of time. He may have 

done that in order to boast of his Persian origins-and here one may detect 

a subtle racial boasting that formed part of the shu ub!ya (anti-Arab) senti

ment of the time-or of his control of his discipline of astrology, or both. 

The shu ublya sentiment, which may be lurking in Abu Sahl's account, 

does not preclude his attempt to explain other cultural phenomena at the 

same time, and to assert a special place for Persian culture to which he defi

nitely belonged. By starting with the sciences originating in Babylonia, he 

followed that by taking a swing at Alexander the Great, the traditional 

enemy of Persia, for burning the Persian sciences. To Abu Sahl that could 

explain the disappearance of those sciences and the need to reclaim them 

later at the time of Shapur and Chosroes. In this manner Abu Sahl was in all 

likelihood also participating in the general literary traditions of his time 

as well: traditions best exemplified a few years later in the works of Jal)i:(': 

(d. 869), who devoted special treatises to the virtues of various nations. Abu 

Sahl's insistence that the sciences were all gathered back into Persian under 
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Shapur and Chosroes is almost a transparent attempt to glorify the Persian 

role in the preservation and transmission of science. But we only have his 

word for that, despite the fact that it is admittedly true that some of the 

Greek and Indian sciences, especially the elementary astrological sciences, 

were in fact translated into Persian during that time. But to generalize that 

account to include all the sciences pushes the story into the realm of legend. 

It is also true that legends can also contain a kernel of the truth. And Abu 

Sahl's account may indeed contain some unintended facts that I do not 

think were sought by Abu Sahl, or even known to him at the time. Only now, 

we know that many of the observations of ancient Babylonia were certainly 

used by such important Greek astronomers as Hipparchus (c. 1 50 B.C.) and 

Ptolemy (fl. 1 50 A.D.)R and indeed formed the observational foundations of 

their work, as we shall see. Some of those Babylonian parameters that were 

adopted by the Greek astronomers were too subtle for Abu Sahl to recognize. 

Abu Sahl's true intention, however, was not to relate all that, for I believe 

he was trying to assert the validity of his own discipline of astrology, and 

that this validity rested partly on the antiquity of the discipline. His last 

statement about the decrees of the planets and the zodiacal signs and how 

they controlled the fate of nations reveals after all his true intentions as an 

astrologer. That was the kind of belief that was also expressed by the other 

Persian astrologer, Masha'allah in his own history of nations.9 In sum, one 

could easily assume that Abu Sahl would make the next logical assertion 

that his discipline was valid, and that he was the one most knowledgeable 

about it. Furthermore, by tracing the discipline to a specific person in each 

period and place, sounds very much like the story that was recounted by 

al-Farab110 about the history of philosophy, which we have already cited, 

and where besides having a philosopher associated with a particular king in 

each period (just as Aristotle was associated with Alexander) Farab1 ended 

up tracing the history of the philosophical discipline so that he would 

come out as the major beneficiary of that discipline. Here again, each sage 

had a country to rule, and a planet to empower him. All these legends have 

to be contextualized within the prevalent astrological framework that was 

very well established in the first part of the ninth century, and which stipu

lated that all people and all nations were subject to the decrees of the stars, 

as was so cogently attested in the work of Masha'allah just cited. 1 1  

These legendary attempts, whether they were Farabl's, or Masha'a!lah's, 

and now Abu Sahl's, denote a desire at all times to seek origins, irrespective 
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of whether those origins were origins of science, origins of cultures, or even 

origins of legends and epics. That is, Abu Sahl's story could also be seen as a 

creation story in its own right, except that it specifically targets the creation 

of culture. 

What concerns us more at this juncture is the reason why al-Nadim used 

this anecdote in the first place. Without any further evidence, the question 

is difficult to answer. But from the perspective of al-Nad!m, here posing as 

the intellectual historian of his time, one could argue that he used this par

ticular anecdote in an effort to present the narrative regarding the rise of 

science that was probably prevalent among the Persian community mem

bers of the Abbasid Empire at the time of al-Nadim. And as we shall come 

back to affirm once more, Abu Sahl's account may have also been used by al

Nadim in order to share with his reader the prevalent stories about the trans

mission of science that were known in al-Nadim's time. And since the story 

had some kernel of truth, as was just said, al-Nadim may have felt that he 

could use it as a first plausible explanation of the transmission of science, an 

explanation that was obviously commonly adopted by the Persian commu

nity in early Abbasid times. 

Furthermore, beginning with Abu Sahl's story also gave al-Nadim the 

chance to start from the beginnings, that is, from the origins of science in 

Babylonia, which may have been his own belief as well. The later stories, 

that we shall soon see take up the rest of the narrative from the point where 

Abu Sahl left it (that is, from the time when all the sciences were gathered 

back in Persia). From then on, al-Nadim could follow their progression until 

they reached Islamic civilization, which was his trajectory from the very 

beginning. In order to illustrate this intention, we should stress first that in 

this story Abu Sahl said nothing about the history of the sciences of his own 

time, and ended the story as if all the sciences of Persia were still there to be 

had, which we know was not historically true. For al-Nadim, though, all he 

had to do was to string this story together with others in order to bring those 

same sciences from Persian into Islamic civilization. The following anec

dotes achieve that purpose excellently well, as we shall see. 

Abu Ma'shar's Story12 

Al-Nadim's second story also comes from an astrologer, this time the equally 

famous Abu Ma'shar al-Balkhi, a one-time l_zadlth scholar who was distracted 

from his pursuit of pilgrimage and f.!adlth scholarship by studying astrology. 
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According to Tanniikhi he continued to study astrology until he became an 

atheist (l:zattii alJ:zada) .n The reason for his switch from badlth to astrology 

was reportedly caused by his enmity with the famous philosopher al-Kindi 

(d. 8 70) on account of Kindi's attachment to the ancient sciences, a fact that 

was first frowned upon by Abu Ma'shar. It was al-Kindi who convinced him 

to study geometry and arithmetic, apparently on account of their utility to 

religious studies, and that entry into the ancient sciences led Abu Ma'shar 

to pursue astrology. The story is indicative of the relationship of astrology 

to the religious sciences at the time, and reflects an early attempt to attack 

the ancient sciences on account of their relationship to the religiously 

condemned discipline of astrology. We shall have a chance to return to this 

dynamic later on. But it is significant to note here as well that Kindi used 

arithmetic and geometry here as entries to the foreign sciences and that they 

were apparently condoned by the religious people. We shall also have occa

sion to return to this topic as well. 

For now, the importance of Abu Ma'shar's story to al-Nadim was that it 

began where Abu Sahl's story had left off, and thus Abu Ma'shar's story had 

the potential of tracing the transmission of the sciences one more step 

forward before they were finally brought into the Islamic civilization. Abu 

Ma'shar's book in which the story appears is called Kitiib ikhtilii( al-z!jiit 

(Book on the variations among zljes), and like Abu Sahl's book this one too 

is apparently lost, except for this fragment which is still obviously preserved 

in the work of al-Nadim. For al-Nadlm's purpose the story is of special inter

est for the following reason: 

Abu Ma'shar says, in his book Kitab ikhtila(al-zljiit, that the Persian kings' love for the 

preservation of the sciences, their extreme care in perpetuating them across the ages, 

and their concern to protect them from natural disasters, both climatic as well as 

earthly mishaps, has led them to seek for them the most stable of writing material 

(makiitib), most durable, and least likely to be affected by decay and effacement, 

namely, the bark of khadank (poplar tree), which is called taz. The Indians, the 

Chinese and the other nations next to them imitated them in that respect. They also 

chose the same wood for their arrows on account of their stiffness and smoothness 

and their durability. 

Once they have gathered the best writing material they could find, on which their 

sciences could be saved, they sought for them a building in a place on Earth that had 

the best soil and clay, least likely to cause decay, and farthest from earthquakes and 

mudslides. They searched the regions of the kingdom, and did not find any place 

under the sky that had most of those qualities other than I�fahan. Then they searched 
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within that region and could not find better than the encampment (rustaq) of Jayy. 

Nor could they find within Jayy a place that had more of those qualities than the place 

where the city of Jayy was built much later on. 

They came to Quhunduz, which was inside the city of Jayy, and deposited their 

sciences there. It is still standing till our own days, and is now called Saruyah. And 

because of this building, people knew who first built it. And that is because many 

years ago, a section of that construction fell, which revealed a vault constructed of 

very hard clay (Si{tah). There they found a great variety of the sciences of the ancients, 

preserved on bark of tllz, and written in ancient Persian. One of those books was 

brought to someone who could understand it. He read it and found in it a letter writ

ten by one of the ancient kings of Persia. In it he related 14 that when king Tahmurath, 

who loved the sciences and the scientists, had learned about the climatic event that 

was to take place in the west, where rain would fall continuously and would become 

overabundant and bypass the usual limits, and that a period of two hundred and 

thirty two years and three hundred days would separate his first day of reign from the 

said event-according to the astrologers who warned him at the beginning of his 

reign that this event was going to pass from the west to the east-he ordered the engi

neers to find the best place in the kingdom in terms of soil and air. It was them who 

selected for him the structure known as Saruyah, which is still standing inside the city 

of ]ayy. He then ordered that this solid building be erected. When it was finished he 

transported to it many of the various sciences from his own library, and they were all 

transferred to the tiiz bark. He placed them in one side of the house in order that they 

would be preserved after the passage of the climactic event. 

Among the (treasure books) was a book attributed to one of the ancient sages, 

which contained specific years and revolutions from which one could extract the 

mean motions of the planets and the causes of their motions. The people who lived 

at the time of Tahmurath, and those who came before them of the Persians, used to 

call those revolutions the cycles of hazarat (Thousands). Most of the scientists of 

India, as well as all of their kings who ruled over the face of the Earth, and the ancient 

Persians and Chaldeans, who dwelt in tents in ancient Babylonia, used to extract the 

mean motions of the seven planets from these years and revolutions. People who 

lived at the time dated [the mean motions[ according to [the zljj which they found to 

be the most correct according to the test and the most concise of all the zijes that were 

known at the time. Astrolgers extracted from it then a zzj that they called the 

Shahriyiir, which means the king of zljes. This is the end of Abu Ma'shar's statement . 1 5  

At this point al-Nadfm inserts his own corroborating report from the 

stories that were obviously circulating in his own time. The text adds: 

Mul)ammad b. Isl)aq [i.e. al-Nad!mj says: A trustworthy person reported to me that in 

the year three hundred and fifty of the hijra [= 961 A.D.] another vault collapsed as 

well, whose location was not detected because its roof was thought to be solid until it 

collapsed, and thus revealed many books that no one could read. What I saw with my 
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own eyes were the fragments of books which were found around the year forty [that 

is, around 950] in boxes laid in Isfahan's ramparts and were sent by Abu al-Faql Ibn 

al-'Amid [Mu]Jammad b. al-I:Iusain d. 970] . The books were in Greek, and were there

fore entrusted to people like Yu]Janna who could decipher them. They turned out to 

be names of soldiers and their salaries. But they were extremely putrefied, and smelled 

so horribly as if they had been just taken out of the tannery. After being held in 

Baghdad for a year or so, they dried out and smelled no more. Some of them are still 

held with our teacher Abu Sulaiman. 

It is  said that Saruyah is  one of the old and well executed marvelous buildings, in 

the east, compared, to the Pyramids in the land of Egypt, in the west, in terms of its 

glorious and marvelous construction. 1 6  

The intent of the story is  to demonstrate the Persian Kings' love for learn

ing and the efforts they spent to protect science. It was on account of them, 

that mean motions of the planets were preserved for the astrologers who 

could use such values for their casting of horoscopes and the like. The 

detailed account regarding the kind of material on which they were written 

and the places where they were kept, and the extra care spent to preserve 

them all indicate that such mean motions were trustworthy, and astrologers 

such as Abu Ma'shar himself should opt to use them. This obviously gave 

Abu Ma'shar an advantage over others, on account of his intimate knowl

edge of such parameters. 

On the other hand, the story also stresses the fact that it was the astrol

ogers who predicted the climactic disaster that was to come from the west, 

and it was they who urged the preservation of books, thereby acting as the 

guardians of the intellectual legacy. The morale of the story is that the astrol

ogers' knowledge is to be trusted and appreciated on account of their ability 

to predict future events as they have done, apparently successfully accord

ing to the story, with the climactic disaster. 

Other sources from a century later, as in the case of Blrunl (d. ca. 1050), 1 7 

seem to corroborate the intention of the story: to highlight the care with 

which Persian kings attempted to preserve and treasure books in the land of 

Persia. The fact that such stories kept being repeated could only mean that 

they must have been circulated widely in the tenth and eleventh centuries. 

Their purpose however, as can be seen from this one, is to stress not only the 

antiquity of the science of astrology, but that its sources had been secured 

and well preserved across the ages, a major requirement for a discipline that 

had to depend for its validity on repeated events that by their very nature 

took centuries to recur. 
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I read these stories less as historical sources, than as desperate attempts by 

astrologers to validate their discipline in the face of the severe attacks they 

must have been facing at this time, as is so well documented in the major 

surviving work of the same Abu Ma'shar: his Introduction to Astrology, which 

comes from the same period. 1 8  

Such stories regarding the transmission of  science could not have a his

torical validity of their own. Their only worth is that they symbolically 

signal the existence of books in the libraries of Persian kings, but they all 

concur that no one could know then what kind of books they really were. 

All this can be easily detected from the occasional treasure-hunt trope in 

which these stories were cast. The books that al-Nadim came in contact 

with, like those reported by al-Biruni a century later, were indeed very frag

mentary, stinky as al-Nadim spares no pain in telling us (and thus appar

ently not so well preserved as the story intended to imply), were above all 

still in Greek. Only specialists could read them, and when they were finally 

deciphered they turned out to contain only names of soldiers and their 

salaries. They may have contained, however, some tables of mean motions 

that one could use for the construction of a zlj such as the Shahriyar zlj. But 

that is all these stories could say. 

These reports cannot be taken as serious accounts for the transmission of 

science from one culture to another, for it is not historically possible to have 

a viable transmission of scientific knowledge that depended on the hazards 

of finding treasures, and when those treasures were found they could not be 

read or used except by the very few. For science to flourish, there must be 

a general infrastructure for it, and a much larger number of people in the 

society must be able to participate in its production. Otherwise the story 

becomes a story of a secret magical, alchemical or talismanic science that 

even Ibn Khaldun, in the fourteenth century had already condemned as an 

unhealthy environment for the spread of science. While attacking the dis

cipline of astrology Ibn Khaldun asserts that this discipline could not be 

valid because it could not be published and freely debated in public, and the 

astrologers had to practice their craft in secrecy and thus could not have a 

valid science, since all valid sciences have to be practiced out in the open 

and the full light of day, so to speak.19  

With Abu Ma'shar's story we are once more confronted with a story simi

lar to that of Abu Sahl in which the stress is on the antiquity of the discipline 

of astrology. But here Abu Ma'shar adds the twist that the astronomical 
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parameters, upon which all astrological predictions must be based, should 

also be reliable and of secure authenticity. It brings to the front the impor

tance of such astronomical values as the mean motions of the planets, and 

stresses the fact that astronomical tables recording these values were com

posed during the Persian period. 

But, like the first legend of Abu Sahl, this one too has a kernel of the 

truth, for we know from independent sources that such Persian astronomi

cal handbooks existed, and that they were translated into Arabic, or at least 

were widely used in early Abbasid times. That there was a zlj, called the 

Shariyar-i zlj, or zlj-i Shah, is no doubt true as it was attested and used by so 

many early Abbasid sources.20 There is no doubt, as well, that early Abbasid 

astrologers used planetary mean motions that were already preserved in ear

lier Persian sources. But the question remains as to how these mean motions 

were obtained in the first place, and the story, I am afraid, does not shed 

much historical light on that account. Legends seem to indicate the direc

tion of history, but are woefully deficient in explaining its important details. 

Abu Ma'shar's story is no different. 

But it is legitimate to ask about al-Nadim's intention in starting his own 

account of the history of Islamic science with these two stories. My con

tention is that he only wished to relate the opinions that were circulating in 

his time about the origins of Islamic science, legends as they were. The first 

story related the transmission of the Greek sciences back to their original 

home in Persia, and the second simply preserved them there, and gave hints 

as to how they were then transmitted to early Islamic civilization. In both 

instances, the discipline of astrology was used as the template for the gen

eral history of science, in a way similar to our own undertaking of the dis

cipline of astronomy as a template for the later developments in Islamic 

science. 

Taken together, and with their emphasis on what happened in ancient 

and more recent Persia, the two stories seem to reveal the eastern sources of 

the Islamic sciences, or at least point to the direction where such sources 

could be sought. In all likelihood, that was the intention of al-Nadim in 

grouping the two stories together in this fashion. What we should then 

expect him to do is to move to the west, that is, to the land of Byzantium, 

in order to complete the western component of the sources of Islamic 

science. And that is exactly what he did. 
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The third story speaks directly to the issue of the transmission of the 

Greek sciences into Arabic. And that is the same story that we referred to 

before when we spoke of Farabi's account of the origins of Islamic philos

ophy. In that account, the important issue was the emphasis laid on the 

conflict that existed between Christianity and Philosophy. In al-Nadim's 

account he tried to confront the issue of the sciences in his own time, and 

there he posed as a true historian of science who wished to investigate the 

manner in which those sciences could have crossed from one culture to 

another. In it he raised very important issues that have to do with the soci

etal factors that inhibited or promoted the transmission and practice of 

science. He went on to reflect, in a very insightful manner, on the relation

ship between Islamic civilization and the other civilizations it came in con

tact with. Al-Nadim's account reads as follows: 

The Third Story21 
In times past, philosophy (!likma) was restricted only to those whose natures could 

accept it. Philosophers (fi1h"isi(i1) used to consider the horoscopes (mawalld) of those 

who sought to learn philosophy (fillsafa) and wisdom (tzikma).  And if the horoscope 

of the person indicated that he was from among those who could accept it, then phi

losophy would be taught to that person, and if  not it would not. Philosophy used to 

be openly studied among the Greeks and Romans before the coming of the creed of 

Christ, peace be upon him. When the Romans adopted Christianity, they prohibited 

it, and burned some of its books, while they locked up (treasured) the others. People 

were prohibited from indulging in philosophical discourse, as it was then perceived 

to be against the prophetic creeds. At one time the Romans (Rum, meaning Greeks, 

but here Byzantines) apostatized and went back to the doctrines of the philosophers. 

The reason for that was that julian, who resided in Antioch, was then the king of the 

Romans and appointed a vizier by the name of Themistius, the commentator on 

Aristotle's books. And when Shapur dhu al-aktaf (Shapur II) sought to conquer him 

he was caught by julian, either through battle, or that Shapur was recognized when 

he went into the land of the Romans (i.e. Byzantium) to scout it, and was captured. 

Stories vary on this account. 

julian then marched on to the land of the Persians until he reached Jund1shapur, 

where up till now there is a trench known as the Byzantine trench, and where he laid 

siege to the chieftains and commanders of the Persians. He besieged it for a long time 

but could not take it. In the meantime, Shapur was still kept captive in the palace of 

julian. There, julian's daughter fell in love with him and rescued him. He then trav

eled across the country in secrecy until he reached jund1shapur and entered into the 

city. His followers, from among the residents of the city, took heart when they saw 

him, and went out of their homes and engaged the Romans in battle, taking Shapur's 

escape as a good omen. He then captured Julian and killed him. 
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As a result the Romans quarreled among themselves.22 The Great Constantine was 

in the army and they disputed among themselves for so long as to who should lead 

them until they could no longer resist him. And because Shapiir was fond of Con

stantine, he put him in command over the Romans, and was graceful to them on 

account of him. He facilitated their exit from his country, after making conditions 

on Constantine that he should plant next to each palm tree in his country (i .e. 

Persia) and the sawad ( i .e  Mesopotamia) an olive tree, and that he should send 

from Byzantium machinery and supplies in order to reconstruct that which had 

been destroyed by Julian. He lived up to his promise, and Christianity resumed as 

it was before. And there resumed as well the prohibition of the books of philosophy 

and their [ i .e.  Byzantines'] treasuring of them as is the custom up till this day. 

The Persians had translated in the past some of the books of logic and medicine 

into their language, and those were in turn translated into Arabic by Ibn al-Muqaffa' 

(d. 759).23 

In this account we clearly note al-Nadim's intention to demonstrate how 

philosophy was persecuted in Byzantium, and as an afterthought he seems 

to indicate that some of the elementary books on logic and medicine had 

already been translated into Persian in ancient times. He concluded his story 

with the translations of Ibn al-Muqaffa' in order to give due credit to all 

those who did in fact translate old Persian books into Arabic. He did this 

in order to emphasize the role those people played in the transmission of 

science to Islam. Nevertheless, he still insisted in the previous sentence that 

when Christianity returned to Byzantium the prohibition of philosophy 

also returned, and the situation continued to be so till al-Nadim's own time, 

that is till the end of the tenth century: "There resumed as well the prohi

bition of the books of philosophy and their treasuring of them as is the 

custom up till this day."24 

When he was writing his Fihrist, toward the end of the tenth century, al

Nadlm, then posing as a historian of science of his own time, asserted there

fore, that Byzantium of the tenth century did not encourage philosophy, 

and apparently used the philosophical books as trading treasures. He was 

apparently convinced that Byzantium had no appreciation for philosophy 

as such, despite the independent, but controversial evidence from the 

Byzantine side, which speaks of the rise of Byzantium's "first humanism" 

at that time.25 Here again, it seems that the primary sources corroborate 

al-Nadlm's story as they did Farabi's story that was mentioned before. In fact 

there are several "legendary" (and legends almost always have a kernel of 

the truth) accounts of missions sent by Muslim rulers to the Byzantine 
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Emperors seeking from them those very treasured books.26 Some of those 

accounts would describe missions ending up in old temples, with restricted 

access, and would have great difficulties in acquiring the books that were 

treasured there. Such a science that continued to be locked up well into the 

tenth century, and which was being fought by Christian dogma, could not 

possibly produce a viable scientific tradition that could be passed on to 

another culture, neither through contact, nor through isolated pockets as 

was already argued before. 

More importantly, the stories relating the mission of al-Ma'mun to the 

emperor of Byzantium to request Greek books assert that al-Ma'mun could 

not find such books in his domain, nor could the Byzantine emperor find 

them at first, until he was led to them by a priest who knew about the locked 

temple which had such books.27 This should not be surprising, in light of the 

several accounts of the dearth of scientific books in Byzantium at the time. 

The fact that such conditions, as the ones that were described by Lemerle, 

seem to have been prevalent in the Byzantine domain, especially during 

Byzantium's "dark ages" can be also confirmed when one considers the 

contemporary Syriac scientific material, which in my opinion was directly 

inspired by the Byzantine sources. And when one considers the extant Syriac 

sources, like those of Sergius of Ras'aina (d. 536),28 Severus Sebokht (c. 661),29 

or George, the Bishop of the Arabs (c. 724),30 or even the works of Job of 

Edessa (c. 81 7), especially in the latter's encyclopedic Book ofTreasures,31 on 

the Syriac sciences in the early Abbasid period, at the time when the trans

lation movement from Greek into Arabic was at its apogee, one could easily 

discern elementary scientific books, very similar to the elementary logical 

and medical books that continued to be used in Byzantium and were trans

lated into ancient Persian as we were told by al-Nad1m. Why should one 

expect otherwise? When we know that most of those who wrote in Syriac 

lived under Byzantine dominion, and were arguably persecuted by their 

Greek overlords. Echoes of this persecution are evident in the spontaneous 

remark that was made by Severus Sebokht, and which was already published 

by Nau, in connection with Sebokht's reference to the Indian numerals as 

an argument against the Greek claims that they were the masters of all the 

sciences and of all times.32 What these sources very clearly demonstrate is 

that we could not possibly expect such Byzantine subjects to outsmart their 

masters and create a new science that was itself supressed in Byzantium. 
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We shall have occasion to return to the role that was played by this 

community of Syriac speakers, who also mastered Greek at times for their 

liturgical needs, in the transmission of the Greek sciences into Arabic but 

not before the end of eighth and early ninth centuries. We shall see how 

important that role was, and attempt to pinpoint the causes that led to it. 

But for now, I wish to return to the intentions of al-Nadim and ask once 

more about the reasons he must have had in mind for recounting this third 

story about the transmission of science. In my opinion, he did not only wish 

to indicate that the position of the philosophical sciences were really endan

gered in Byzantium in his own time, but that the situation was as such for a 

long time, at least as far back as the time that preceded, and followed imme

diately after, the death of Julian (The Apostate) . He wished to stress that 

Julian was the only one who allowed philosophy to be studied and pur

sued. But when we remember that Julian ruled for barely two years only, that 

is, between the years 361 and 363, then the picture, al-Nadim was trying 

to paint, becomes very clear. That picture recounts the story of the continu

ous Christian persecution of philosophy, thus echoing the expression of 

al-Farabi who claimed that philosophy was "liberated" only when it reached 

the lands of Islam. 

Up to this point, the reader of al-Nadim's text still cannot account fully 

for the transmission of the sciences from the ancient cultures into Islamic 

civilization. Such a reader is still entitled to ask: how could such sciences, 

that were persecuted in their original Byzantine domain, provided there 

were such scientific activities to be persecuted, be passed on to another 

Islamic culture that did not have any science of its own as well, as we are so 

often told? 

Al-Nadim had not reached this stage of his narrative yet. His preparatory 

anecdotes, which he used to introduce his treatise on the " ancient sciences, " 

have not yet reached their conclusion. But we can almost begin to see where 

he was going. He had already indicated that there could not have been a 

direct transmission of science from Byzantium into Arabic, as the classical 

narrative so often asserted, if the conditions were in fact as they were 

described by al-Nadim. And to answer the question of how could those sci

ences be brought into Islamic civilization, especially from Byzantium if the 

situation was as he described, al-Nadlm's answer would lie in the fourth 

anecdote that was apparently used as a climax for the earlier ones. Because 

of its importance, and as it will become the focus of the discussion that fol-
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lows, I give here a close translation of this fourth anecdote, just as it 

appeared in al-Nadim's Fihrist. 

The Fourth Story33 
Khalid b. Yazld b. Mu'awiya was known as the wise man of the family of Marwan 

(!wklm cll marwiin). He was distinguished in his own right, and was enterprising and 

full of love for the sciences. At one point it occurred to him to pursue alchemy, for 

which he gathered a group of Greeks from Egypt who had mastered Arabic. He then 

ordered them to translate the books of alchemy from Greek and Coptic into Arabic. 

This was the first translation in Islam from one language to another. 

Then there was the translation of the diwiin, which was in Persian, into Arabic dur

ing the days of al-l:lajjaj [b. Yiisuf (d. 7 14) [ .  The one who translated it was Salii:J b. 

'Abd al-Rai:Jman, the client of Banu Tamlm, who had been one of the captives (saby) 

of Sij istan, and who used to work as a secretary to Zadan Farriikh14 b. P!r! the secre

tary of al-l:laj jaj ,  both in Arabic and in Persian, and Al-l:lajjaj used to favor him. One 

day Salii:J said to Zadan Farriikh: 'you are the cause of my (livelihood)", with the 

commander, and I feel that he took a liking to me. I will not be sure that one day he 

would not promote me ahead of you and demote you', to which he [i.e. Zadan] 

responded: 'Don't be so sure, for I think he needs me more than I need him, as he 

cannot find anyone to accomplish his accounting for him (yak(illi �zisiibahu) except 

me.' [Sali l:J I then replied: 'By God, if I wished to convert the accounts (u(zawwi/ al

!zisiib) into Arabic, I could certainly do it.' To which [Zadan] replied: 'convert a few 

lines of it so that I see,' which he did. He then commanded him: 'feign sickness,' 

which he did. Al-l:lajjaj then sent him his own doctor Theodoros who could not find 

anything wrong with him, and the news reached Zadan Farriikh, who then ordered 

him to return to work. 

At that time, it happened that Zadan Farrukh was killed during the uprising of Ibn 

al-Ash'ath (d. ca. 704) as he was on his way from some place to his own home. It was 

then that al-l:lajjaj replaced him with Salil:J as his secretary, who in turn told him what 

had transpired between him and his master at the dlwiin. As a result al-l:laj jaj  deter

mined to do it (that is to translate the dlwczn), and he put this Salii:I in charge of it. 

Mardanshah the son of Zadan Farrukh asked him: 'what would you do with delzwllz 

and slzesllwYiz?' to which he replied: 'I would write one tenth and half a tenth'. When 

asked 'what would you do with whn He said: 'I  would write 'furthermore' (ayqan) . '  

He said: 'al-wld, is  al-nayyif, and the increase is added.' He was then told: 'May God 

uproot your descendants from this world as you have uprooted Persian.' 

The Persians offered him a hundred thousand dirhams in order that he would feign 

his inability to convert the dlwiin, but he refused and persisted in converting it until 

he completed it. 'Abd al-l:lam!d b. Yal:Jya (d. 750) [the famous Umayyad secretary and 

teacher of Ibn al-Muqaffa' ] used to say: 'How great was Salil:l, and how great were his 

favors to the secretaries (al-kuttilb) ! '  Al-l:laj jaj  had set for him (meaning Salil:l) a spe

cific deadline for the conversion of the dlwiin. 
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As for the Syrian d!wan, it was in Greek. The one who was in charge of it was Sarjun 

b. Man�ur, under Mu'awiya b. Abl Sufyan (d. 680), who was then succeeded by Man

�ur b. Sarjun. The dlwan was converted during the days of Hisham b. 'Abd al-Malik (rl. 

724-743). And it was converted by Abu Thabit Sulaiman b. Sa'd the client of !:fusain, 

who used to be an epistolary secretary during the days of 'Abd al-Malik (rl. 685-705) .  

It is also said that the dlwan was converted during the days of 'Abd al-Malik as well. 

[For] it happened that 'Abd al-Malik had ordered Sarjun, one day, to do something, 

and the latter procrastinated in the matter, which angered 'Abd al-Malik. He then 

asked Sulaiman who replied: "I shall convert the d!wan . . . . "lh 

After making the crucial connection between the importation of science 

into Islamic civilization with the translation movement, al-Nadlm seems to 

have laid down a careful strategy for his own narrative. With the third story 

he had ruled out the possibility of science having come by sheer contact 

with Byzantium, once he had demonstrated the poor status of that science 

in the northern and western lands of Byzantium. The importation from the 

east was equally unlikely since the two stories he reports were more in the 

form of legendary astrological lore, rather than historical events. Besides, 

they were reported by two astrologers who had a vested interest in that kind 

of connection. Therefore, even al-Nadlm himself would probably judge 

them as historically equally unreliable. Al-Nadlm must have known that. 

And he must have also known that he still had to explain the origins of 

Islamic science. 

At this point he could not escape from giving his own account of the ori

gins of the scientific tradition in Islam. And it is then that he demonstrated 

his preferred methodology and thus allowed us to look through a small 

window at the thoughts he was entertaining. For that specific reason, his 

own narrative gains tremendous importance for our discussion. By starting 

the last story with the statement about Khalid b. Yazld as the first translator, 

he obviously wanted the reader to re-orient himself and think of the intro

duction of science into Islamic civilization as a willful act of acquisition 

taken by some historical persons who had a vested interest in acquiring 

those sciences. With this introduction he was also saying that science did 

not come into Islamic civilization by some 'natural' process of contact with 

another civilization, as he seemed to demonstrate that there was no such 

civilization to come in contact with, nor through a mysterious legendary 

survival of books in vaults whose ceilings were falling apart, nor through 

some pockets of high learning of which he makes no such mention. Rather 

the whole phenomenon was the result of a direct willful acquisition process 

that he wanted the reader to consider. l7 
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And as soon as he finished the first three sentences about Khalid's role 

in the acquisition of the sciences, and here, he did not seem to have had 

enough information about this Khalid other than that he had a personal 

interest in such an acquisition, he quickly ended that short introduction 

with the blunt statement that "this was the first translation in Islam from 

one language to another," as if to say that translation was itself the answer 

to the importation of the sciences. The problem rematned as to which trans

lation. He could have recounted the classical narrative, at this point, and 

told us that there were translations from Greek into Syriac, or that the 

Abbasids brought with them the Persian ideology of re-claiming the Greek 

sciences back to their origins, which their legends had already claimed. 

Instead he went directly into what he thought was the crucial step in this 

translation process, the "translation of the dlwan, " and quickly noted that 

this process was an Umayyad process and not an Abbasid one. For that 

purpose he gave the great details that he did on how this dlwan translation 

came about. As if he was leading us step by step to painstakingly appreciate 

the social dynamics during the times of the Umayyads that required such a 

translation to be undertaken. 

As soon as he finished recounting the intrigues and the social conditions 

that governed life in the dlwan, and after explaining how the problems of 

its translation were resolved, both in Iraq as well as in Syria, he quickly con

nected that to yet another account, this time raising the question about the 

spread of the sciences in Islamic civilization, rather than questioning their 

beginnings as he was trying to do in the previous four stories. When he came 

to explain the spread of science in Islamic civilization he duly titled this new 

account as such: "Recounting the reason for which the books on philosophy 

and other ancient sciences had increased in this country." Notice, he was 

not saying the reason these books 'came about in the first place' but the rea

son "they increased," thus their beginnings had, at that stage of the narra

tive, been taken for granted. 

The account that followed gave only "one" of those reasons, as it was duly 

titled again: "one of the reasons for that [increase] . "  He then went on to 

recount the now most familiar and famous story about al-Ma'miin's dream38 

in the following terms: 

Al-Ma'mun once saw in his dream a man who looked as if he was white in color, 

with some reddish complexion, wide forehead, connected eyebrows, bald headed, 

dark blue reddish-eyed (ashhal), and good looking, sitting on his bed. Al-Ma'mun said: 

"I  was in front of him as if was filled with awe." I said: "Who are you?' To which he 
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responded: "I am Aristotle ." I was very pleased with that, and said: "May I ask you a 

question?" He said: "Go ahead, ask." I said: "What is good'?" To which he replied: 

"That which is considered good to reason (rna �zasuna fl a/- aql ) . "  When I asked: "Then 

whaf?" he said: "That which is considered good by law (nul �wsuna fl al-shar'. "  Then I 

said: "Then what?" He said: " That which is considered good by the people (mil (wsuna 

'inda al-jumhur) . "  And when I pressed on with: "What nexf?" He replied: "There is no 

next (thumma Ia thumma) ."'9 

To make sure that the reader got the point, al-Nadlm gave an alternate report 

of the same dream: 

And in another report, I said: "Go on, " to which he replied: "Whoever advises you 

about gold, let him be to you like gold, and be sure to follow taw!fid [the Mu'tazilite 

doctrine of insistence on the oneness of God] . "  This dream was the surest reason for 

the acquisition of books (ikhraj al-kutub). For al-Ma'mun was in correspondence with 

the king of Byzantium, and al-Ma'mun had gained mastery over him. He then wrote 

to him requesting permission that he sends to him someone who would make a selec

tion from the ancient sciences that were treasured (al-makhzi/na al-muddkhara) in the 

land of the Byzantines. He yielded to his request after initial hesitation. Al-Ma'mun 

then sent a group of people that included al-J::Iaj jaj  b. Matar, Ibn al-Bitrlq, and Salm 

the master of the House of Wisdom (Bait al-lfikma), as well as others. They took what 

they wanted from the books they found. And when they brought them to him [that 

is, to al-Ma'mun] he ordered that they be translated, and they were. It was said that 

Yuf.lanna b. Masawaih was among those who went to the land of Byzantium."' 

Muf.lammad b. Isl;aq [that is, al-Nadlmj said: of those who took special care to 

acquire books (ikhraj al-kutub) from Byzantium were Muf.lammad, Af.lmad, and al

l:fasan, the sons of Shakir the astrologer, whose account will follow. They spent [in 

that regard] huge gifts (ragha'ib), and sent J::iunain b. Is!;aq and others to the Byzantine 

land, who brought back for them the most fascinating books (tanl'if al-kutub) and 

most intriguing compositions of philosophy, music, arithmetic and medicine. Qusta 

b. Luqa al-Ba'albakl had also brought along some books, which he translated, and 

others translated for him. 

Abu Sulaiman al-Mantiql al-Sijistanl said: the sons of the astrologer [that is Banu 

Musa b. Shakir] used to compensate a group of translators, among whom were l:funain 

b. Is!;aq, l:fubaish b. al-l:fasan, Thabit b. Qurra, and others, in a month, the sum of five 

hundred dinars for translation and dedication. 

Muf.lammad b. Is!;aq [that is al-Nadlm continuing] said: I heard Abu Isf.laq b. 

Shahram recount in a general gathering that there was an old temple in the land of 

Byzantium, with a two-sided door of iron, the likes of its size has never been seen 

before. The ancient Greeks used to venerate it, pray and offer sacrifices in it in the old 

times when they worshiped planets and idols. He said: 'I asked the king of the Byzan

tines to open it for me, but he refused for it was closed since the time when the Greeks 

converted to Christianity. I persisted in my request, kept on corresponding with him, 

and asking him directly every time I was in his presence.' He went on to say: 'He then 

opened it for me, and lo an behold, that house was made of marble and most color-
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ful stones, containing so many beautiful inscriptions and writings the likes of which 

I had never seen or heard about before. In that temple, there were books that could be 

carried only by several camels, he even exaggerated and said 'a thousand camels.' 

Some of those [books! were worn out, others were still in their original conditions, 

while others had been eaten by worms. He went on to say: 'I saw in it all kinds of 

golden vessels for offerings and other fabulous things.' He said: 'he then closed the 

door after my departure, and told me that he had made me a favor. He said that those 

JeventsJ took place during the days of Sayf al-Dawla (945-967). He claimed that the 

temple was a three-days journey from Constantinople, and those who lived around 

that place were a group of ?aba'ians and Chaldeans, who had been allowed by the 

Byzantines to keep their faith after paying a poll tax.41 

This concludes the report of al-Nadim as to why the books of philosophy 

and other sciences began to flourish in Islamic civilization. After this 

account, he went on to list the details of the process of translation, begin

ning with the names of the translators from the various languages. 

AI-NadTm's Alternative Narrative 

The alternative to the classical narrative, which forms the core of this chap

ter and is here proposed for the first time, as far as I can tell, takes its inspi

ration from this very narrative of al-Nadim. After we have seen him survey 

the stories of his day about the introduction of the ancient sciences into 

Islamic civilization, and capping them with his own narrative, it became 

imperative to re-read the text of al-Nadim in light of the problems that the 

classical narrative had failed to resolve as we have stated above. We can now 

assert, that the Persian element in the Abbasid empire that was held respon

sible for the reclamation of the Greek sciences was based on a legendary 

story that was first proposed by al-Nad!m, but whose origin was the work 

of the Persian astrologer who obviously had a great interest in promoting 

that ideology in order to secure a job for him and for his descendants after 

him. In fact his ploy seems to have worked, although not for the same rea

son as we shall soon see, and early Abbasid times witnessed the continuous 

employment of one Nawbakht or another as an astrologer at the highest 

level of the caliphal court for a period of 100 years or more. 

From the Byzantine side, al-Nad!m's several accounts about the persecu

tion of the philosophers in that land, the treasuring of books of the ancients 

in closed temples and the like, all the way till the middle of the tenth cen

tury, as he reported, only reflected the actual historical circumstances, as we 
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have already seen, and further affirmed that the contact theory could not 

have worked, for there were no knowledgeable Byzantines who could mas

ter the classical Greek sources themselves in order to pass them on to the 

neighboring Islamic civilization. 42 

When the time came for him to introduce his own narrative, al-Nadim, 

did not produce another legend of his own. Rather, he went directly to 

the historical phenomenon of translation. And he properly started with the 

report about the earliest translations that were known to him (the trans

lations of Khalid b. Yazid), rather than the translations during his own 

Abbasid period, as the classical narrative would have wanted to argue. Al

Nadim definitely wanted to return to the historical facts, and had no inten

tion of arguing from the ideology that came later to frame the interpretation 

of those facts. He certainly wanted to emphasize the fact that the translation 

activity had already started during the Umayyad period, and with Khalid b. 

Yazid in particular. What he failed to report, though, was the real reason for 

Khalid's actual interest at that time in classical Greek texts dealing with 

alchemy. Instead of delving immediately into the social, the political, the 

economic and administrative history of the period, so that he could locate 

the motivating forces for that translation activity, he only prefaced all that 

with the frequently repeated description of Khalid that he "was enterpris

ing and full of love for the sciences (lah" himmat"" wa-maiJabbat'm /i-1- 'ulum). 

If one were to read history in essentialist terms, one could simply stop at 

this preface and attribute to Khalid all sorts of desires and intentions.4 l But 

not al-Nadim, for as soon as he concluded the three sentences about Khalid 

with the phrase "this was the first translation in Islam from one language to 

another," he immediately went on to the subject of the translation of the 

dlwiin, as if to say that, in his mind, those two activities were organically 

connected. What that connection meant to al-Nadim was straightforward. 

He apparently understood the process of acquisition of the ancient sciences 

to have started with the attempts of Khalid b. Yazid which was contempo

raneous or immediately followed by the translation of the dlwiin. 

As for Khalid's interest in those ancient sciences, of whose motivation al

Nadim remains silent as we said, we have other sources to fill that motiva

tional gap. We are told by Abu Hila! al-'Askari (c. 1000) in his kitiib al-awii'il, 

among others, that 

'Abd al-Malik b. Marwan started to write sfirat al-ikhla> (Qur'an, 1 1 2) and the mention 

of the prophet on the dinars and dirhams, when the king of Byzantium wrote to him 
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the following message: 'You have introduced in your official documents (tawamfr) 

something referring to your prophet. Abandon it, otherwise you shall see on our 

dinars the mention of things you detest.' That angered 'Abd al-Malik, so he sent for 

Khalid b. Yazld b. Mu'awiya, who was greatly learned and wise, in order to consult 

with him upon this matter. Khalid then told him, 'have no fear o commander of the 

faithful! Prohibit their dinars and strike for the people new mint with the mention 

of God on them, as well as the mention of the prophet, may prayers and peace be 

upon him, and do not absolve them of what they hate in the official documents. And 

so he did.44 

If this anecdote is taken together with Khalid's expressed interest in alchemy 

we can see why such books on alchemy may have come very handy to 

someone who was interested in striking new mint of gold coins. Who but 

the alchemists would be better prepared to identify pure gold, from other 

metals? And who but the alchemists would be the expert who could judge 

alloys and the like? That is, they had the kind of knowledge that a new mint 

master would desperately need. 

Once we also remember that 'Abd al-Malik's reforms did not only include 

the arabization of the dlwan, that is the internal administrative reforms of 

the empire, but that he went beyond that to create the new currency of the 

nascent Arab empire, which was up till that time still using the Byzantine 

coins of the realm in the west, and Sasanian coins in the east. Under such 

historical circumstances, Khalid's interest in the rules of alloying gold, 

which could be gotten from alchemical books, was definitely not only an 

academic interest. The fact that 'Abd al-Malik would consult with him on 

such matters further affirms his reliability and the kind of answers he was 

supposed to supply from his alchemical books. 

Going back to al-Nadim's last story about the reasons for the spread of 

philosophical and scientific books in Islamic civilization and the relation

ship of that spread to the dream of al-Ma'mun, all we need to remember is 

that although the story was of the legendary type, it still spoke to the spread 

of those books, and not to their coming to being in the first place. Never

theless, the orientalists who created and championed the classical narrative 

in the first place harped on to that account, and made the direct connection 

between the expressions that were enunciated by Aristotle in that story like 

"reason," "tawf.ild," the two specific Mu'tazilite key words, to derive from it 

that feature of the classical narrative that connected the importation of 

the ancient sciences into Islamic civilization with the Mu'tazilite leanings 

of al-Ma'mun, as we already saw before. And as we have also said before 



52 Chapter 2 

this connection is still frequently repeated in the sources dealing with 

Islamic science. Those who repeat the story neglect to stress al-Nadim's rea

son for recounting the dream, namely to give the reason for the spread of 

books and not their coming to be. 

The same orientalists also gave the story another twist. By connecting 

Aristotle to the Mu'tazilites through the dream, and then by connecting the 

whole movement of translation to the Greek philosophical and scientific 

thought, concluded that the Mu'tazilites, who were the archenemies of 

what was then called a hi aHzadzth (people of tradition who later became ahl 

al-sunna wa-1-/:ladlth), or what they called the traditionalists, were the ones 

who were responsible for the importation of the ancient sciences into 

Islamic civilization, much to the dislike of the traditionalist Muslims. In 

Rosenthal's words: " It is probably no accident that the Mu'tazilah should 

have flourished during the decisive years of Greco-Arabie translation 

activity, that is, from the last decades of the eighth century until the reign 

of Caliph al-Ma'mun (81 3-833) and his immediate successors. Rather, 

Mu'tazilah influence on the 'Abbasid rulers ought to be regarded as the 

real cause of an official attitude toward the heritage of classical antiquity 

that made impressive provisions for its adoption in Islam."45 

In this manner, the already established conflict model that had been 

propagated in Europe since the age of reason, as a conflict between science 

and religion, was now transferred to the Islamic civilization in the form of 

Mu'tazilites versus traditionalists. With this "spin" people forgot the reasons 

behind al-Nadim's account of that dream. 

Once we strip this dream of this facile interpretation, tempting as it is, and 

if we understand it in its right context, we can then go back to the preced

ing paragraph where al-Nadim's historical scholarship is best demonstrated. 

There we see al-Nadim giving his own opinion of the story of the appear

ance of the sciences in Islamic civilization as a result of the administrative 

needs of the empire at the time of 'Abd al-Malik, and not as a result of leg

endary stories told by self-serving astrologers who were struggling to keep 

their position at the Abbasid court. That's why al-Nadim began his own 

account by the stories of Khalid and the dlwan translations, and not by 

another legend like the dream of al-Ma'mun. 

We still have to determine what was on al-Nadlm's mind when he con

nected Khalid's translations of alchemical books and the administrative 

translations of the dlwan to the spread of philosophical and scientific books 
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in the Islamic civilization. What was the connection between the transla

tion of the dlwan and the translation of books on philosophy and science? 

If we are to gain some insights regarding these questions we must pursue the 

subtle hints that were already supplied by al-Nadim himself. 

The reason why those hints do not readily seem to connect the dots for us 

between the translation of the dlwan and the philosophical and scientific 

texts, and thus have deprived us so far from appreciating the real input of al

Nadim on this matter, is to be sought in al-Nadim's particular use of the 

word 11 dlwan" in this account. The term itself was also used in several earlier 

and later sources without ever specifying what was meant by it. The word is 

still used in modern Arabic, but has now come to designate a completely 

different entity, such as a government office (e.g., dlwan al-muJ:!asaba) or a 

personal royal office (e.g., al-dlwan al-malakf) . In some sense the word is at 

times still used in the classical sense when it referred to administrative 

offices that handled the affairs of the army as in dlwan al-jaysh, taxation 

bureau as in dlwiin al-Kharaj, chancellery as in dlwan a/-rasa'il, etc. If we 

restrict ourselves to those common meanings of the word, we then find it 

difficult to connect such government offices to the translation of philo

sophical and scientific books. 

But when we return to the story of the arabization of the dfwan itself, we 

find that both al-Nadim, in his Fihrist, and the earlier tenth-century author 

al-Jahshiyari (d. 942) in his kitab al-wuzara'wa-1-kuttab, 46 both tried to guide 

us to the correct meaning of the dfwan by giving us examples of the kind of 

activities they knew were taking place in it. The only example that they give, 

which has been slightly distorted in al-Nadim's version that has come down 

to us, denotes that both authors intended the dlwan operations to mean the 

dlwan accounting procedures that Zadan Farrukh was bragging about when 

he claimed that he was the only one who could carry them out. On the basis 

of that specialized knowledge he could assert that al-I:Iaj jaj needed him 

more than he needed al-I:Iajjaj . The example of the kind of accounting both 

authors give obviously required handling arithmetical operations carried 

over fractions and the like, the kind of arithmetic that is still slightly com

plicated by our modern-day standards. Therefore the d!wan that needed 

translation was the dlwan in which such complicated operations were per

formed, and not as most people thought the government office in which 

records of personnel and their salaries were kept. 
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The second kind of d!wiin, where salaries were meted out, did not need 

any translation for it was in Arabic in the first place. We are explicitly told 

by al-Jahshiyarl: "There were always two d!wiins in Kufa and Basra: one in 

Arabic, in which records of people and their grants were kept, that is the 

dlwiin that was instituted by Umar [b. al-Khattab], and the other was for 

the purposes of revenues (li-wujuh al-amwiil) which was in Persian. The situa

tion was similar in Syria, where there was a dlwiin in Greek and another one 

in Arabic. Matters persisted in this fashion till the days of 'Abd al-Malik."47 

Therefore, the d!wiin that al-Nadlm was talking about was the dlwiin of rev

enues, and revenues were the backbone of any government then, as now. 

Since operations dealing with revenues required arithmetical operations 

which in their turn necessitated at least other elementary operations such as 

the surveying of real estates, and the re-surveying when estates were passed 

on as inheritance, a dlwiin officer, as a revenue collector should have the 

qualifications to carry out those procedures. Furthermore, the computation 

of time in solar years, when taxes should be paid, and as we know solar and 

lunar years are not always easy to coordinate without at least some elemen

tary astronomical knowledge, that too must have forced the dlwiin officer to 

learn some astronomy. Similarly, re-apportioning payments, especially after 

the distribution of inheritance, digging canals, trading, etc., all necessitated 

that the said officer acquire such operational skills for which MuJ:lammad b. 

Miisa al-Khwarizml had to compose a complete book on Algebra just for that 

same purpose.48 Incidentally, that requirement seems to have led to the cre

ation of the discipline of Algebra qua discipline,49 which was not known to 

the Greeks in the fashion that was articulated by al-Khwarizml. 

All the operations a dlwiin officer was supposed to perform were not easy, 

and there must have been some elementary texts or manuals that were used 

to train those who worked in the dlwiin. It is rather unfortunate that no such 

documents seem to have survived from this early period, probably because 

they were thought of as simple enough to be learned and discarded, or 

because their contents were orally transmitted from father to son, and thus 

there was no need to publish them to the public. But we do have some 

slightly indirect information about their contents, and the kind of opera

tions that were required in these d!wiins. For we do find in the work of Ibn 

Qutayba (d. 879), who precededJahshiyarl by a half a century and al-Nadlm 

by almost a full century, and who himself was a contemporary of the last 

period of translation that followed the translation of the dlwiin, a short 
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synopsis of the qualification of those who sought employment in the 

d!wan, or those who were then called kuttab. Those kuttab were undoubtedly 

the heirs of the dlwan employees whose functions we are now seeking. 

In his book Adab a/-katib, he regrets in the introduction the neglect that 

had become the share of the Arabic sciences of his time. Ibn Qutayba went 

on to stress that the katib must seek the following sciences, if he were to be 

worthy of the name katib, and not be among those who are after the office 

of katib in name only: 

He must-in addition to our books-investigate matters relating to land surveying, 

so that he would know the right angled triangle, the acute, and the obtuse angled 

triangle; the vertical plumb lines (masiiqit al-a/:ljiir), the various squares (sic), the arcs 

and the curves, and the vertical lines. His knowledge should be tested on the land 

and not in books, for the one who reports is not like the eye-witness. And the non

Arabs ('ajam) used to say: 'whoever was not an expert in matters relating to water dis

tribution (ijrii ' al-miyiih), the digging of trenches for drinking water, the covering of 

ditches, and the succession of days in terms of length increase and decrease, the rev

olution of the sun, the rising of the stars, the conditions of the moon when it becomes 

a crescent as well as its other conditions, and the control of weights, and the surface 

measurement of the triangle, the square, and the polygons, the erection of arches and 

bridges as well as water lifting devices and the norias by water side, and the conditions 

of the artisans and the details of calculations, he would be defective in his craft.st' 

Working in the dlwans of the non-Arabs, as far as Ibn Qutayba could ascer

tain, should include a mastery of all those sciences that were just quoted by 

Ibn Qutayba from the earlier sources. As we can readily tell, those sciences 

made no mention of army grants and the like. This must mean that the 

diwans that were translated must have included the elementary texts of 

those sciences. For it was quite unlikely that Ibn Qutayba would call on the 

kuttab of his time to acquire these sciences if there were not any texts 

through which they could be acquired. After all, he was the one who partic

ipated in supplying such texts by composing his kitab al-anwa' (Book of the 

Rising and Setting or Stars), which touches upon some of those sciences, and 

particularly the sciences that relate the rising and setting of the stars to agri

cultural (read revenue) needs. 5 1  I shall soon return to mention other books 

in this regard. 

For now, the interest in Ibn Qutayba's statement is that it confirms the 

meaning of the diwan, which I claim was the one intended by al-Nad1m 

and al-JahshiyarL If that meaning is accepted, then one could say that the 

translations of the Persian and Greek d!wans into Arabic must have 

included a group of elementary scientific texts, which were in turn very 
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much connected to the philosophical and scientific texts that were men

tioned before. How could it be otherwise when we know that any govern

ment must acquire such elementary sciences in order for it to function in 

any sophisticated manner? 

Another confirmation for this reading comes from another contemporary 

of al-Jahshiyari and al-Nadim who was also interested in the education of 

the kuttab and government bureaucrats. Several of his books have reached 

us from about the middle of the tenth century. The author in question was 

the famous scientist, Abu al-Wafa' al-Buzjani (d. 998), whose name was very 

closely associated with the Greek mathematical and astronomical works 

that were translated into Arabic. It was this Abu al-Wafa' who had left us two 

books which directly address the geometric and arithmetical needs of the 

artisans and workers (obviously including government employees), that 

were called: What the Artisans need by way of Geometry, and What the work

ers and kuttab need by way of Arithmetic.52 In both of these texts, Abu ai

Wafa' takes up elementary mathematical problems, of the types that were 

obviously discussed in the dlwiins of his time, or among those who were 

employed in those government departments who were then learning how 

to carry out the new functions that required those new sciences. 

Moreover, we need only take a glance at Keys o( the Sciences (ma(iitl!I a/

!Jliim), a book by al-Khwarizmi ai-Katib, who lived some ten years or so after 

al-Nadim and who himself was a dlwan employee, to appreciate the ency

clopedic knowledge such an employee of the time needed to know.' l  Here 

we also see a direct connection between the kind of sciences that were prac

ticed in the dlwan and the philosophical sciences, starting with logic. Most 

of the remaining sciences that were listed by ai-Khwarizmi were in fact at the 

very core of the ancient sciences we are now discussing. 

Even in the relatively later period, we see that those sciences continued to 

be practiced in the government dlwiins. This should not be surprising as we 

already know that most administrative offices are usually very conservative 

and tend to preserve practices for centuries at a time, practices that are usu

ally inherited from one employee to the next, if not from father to son. From 

that tradition, we see in the work, kitiib qawclnln al-daw,lwln (The Book of 

the Rules of the Dzwans) of Ibn Mamati (d. 1 209) the many arithmetical and 

natural scientific material that the dlwiin employee was supposed to know. 54 

And Ibn Mamati ought to know better, for he himself was the descendant of 

a family that worked in the Egyptian dlwan for centuries. 
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Similarly, later generations have left us several l;zisba (market overseeing) 

manuals which mention not only the scientific books that the market over

seer himself ought to know, but the scientific books that he should use in 

order to test the various professionals and to control their products from 

forgeries and the like. These professionals included bonesetters, physicians, 

pharmacists, as well as others whose names have been summarily men

tioned in the work of Ibn al-Ukhuwwa of Egypt (d. 1 329) called Ma 'alim al

qurba fT Al;zkam aH1isba.ss 

For those who may object and say that this book is very late, and its con

tents may not apply to the kind of knowledge that the Umayyad worker was 

supposed to know, and the kind that al-Nadim was talking about, I can only 

say: was it possible that there would not be in early Islamic times someone 

who would oversee the affairs of the public, their public health, their pro

tection from deception, etc., and that these functions entered the Islamic 

administration in later times only? Was it not part of the duties of the 

administrator of the public treasury (bayt al-ma/) to see to it that the right 

proportion of gold is cast in the minted dinars, together with what all that 

implies by way of managing alloys, composition of metals, and exacting 

weights and measures? Wouldn't such functions include some alchemy, or 

at least overlap with it, or what was then called al-�an a, that was being 

sought by Khalid? Wasn't this �an a also connected to pharmaceutical sci

ences, and the knowledge of weights and measures, as well as others? 

In summary, despite lack of actual manuals that preserve for us a descrip

tion of the actual operations that took place in the early dlwan, or of the con

tents of those early manuals or the sciences that were translated, this despite 

all the evidence that we have reviewed so far about the existence of those 

operations and sciences, we still cannot ignore the arabization of the d!wans, 

which was tied by al-Nadim himself to the process of the transmission of 

the ancient sciences to Islamic civilization. The consequences that can be 

drown from it can help us resolve some of the problems that were left unre

solved by the contact or continuing pocket theories usually deployed as 

corollaries of the classical narrative. 

From al-Nadim's account, we note that the arabization process, including 

the restructuring of the foundation of the Islamic government, took place 

during the days of 'Abd al-Malik, the first caliph to mint Arabic dinars that 

were independent of the Byzantine ones, who also engraved on them 

Qur'anic verses rather than pictures of emperors, as we have already seen. 
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He is also the one of whom the sources speak as being the first to reorganize 

the administration of Islamic government and to centralize its functions 

and streamline it, to use modern parlance anachronistically. He apparently 

did all that through the arabization of the diwiin. Weren't these administra

tive reforms of the government absolutely essential for the foundation of 

the new Islamic state, when we also see that the Abbasids themselves, who 

came to power almost fifty years after 'Abd al-Malik, did not change back any 

of the reforms that 'Abd al-Malik had introduced? This despite the enmity 

that the Abbasids harbored and demonstrated toward the Umayyads, and 

despite the claims made by the classical narrative and some orientalists that 

the main backbone of the Abbasid Empire was the Persian "element." Had 

this racial categorization been true, wouldn't the Abbasids have reverted the 

diwiin back to Persian? Wouldn't this mean that 'Abd al-Malik's reforms were 

extremely significant and cannot be simply bypassed in favor of focusing on 

the Persian "element" of the Abbasids? 

The Consequences of the DTwan Translation: Ascension to Power by 

Other Means 

Now that we can better appreciate the importance of the administrative 

reforms of 'Abd al-Malik, after having stressed the need for relating them to 

the general translation movement of the philosophical and scientific texts, 

j ust as al-Nadim had already done in his Fihrist, we should, at this point, go 

back to discuss the social conditions that paved the way for the importation 

of the foreign sciences into I slamic civilization. An importation that proved 

over time to be the most remarkable and unique achievement that was per

formed by the Persian and Greek speaking communities of the early Abbasid 

empire. And by focusing on the social conditions we would be in a better 

position to answer the larger questions about the actual historical needs that 

were being met by the transmission of those ancient sciences. 

Reading the texts that describe the translation of the diwiin, especially 

those that had been preserved by jahshiyari and al-Nadim, give very clear 

indications of the serious social consequences of that activity. From among 

those consequences, the arabization of the diwiin seems to have led to the 

loss of the administrative jobs that were held by Persian and Greek speakers 

of the empire, who were mostly either Zoroastrian or Christian. Previous to 

this arabization, those early classes of bureaucrats must have felt so secure 
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about their positions in the administration that they could afford the brag

ging of Zadan Farrukh and the arrogance of Sarjun. 

We also saw that the Persian community was willing to bribe �alii) b. 'Abd 

al-Ral)man so that he would feign the failure of the d!wiin arabization. We 

also saw in the report of Jahshiyar1 a reference to a meeting that was held, 

at the time when al-I:Iajjaj had just come to Iraq, by the Persian notables 

(dahiiqfn), at the house of a man called ]amll, in order to discuss among 

themselves how to protect the community from al-I:Iaj jaj .  They were then 

told by ]amil: "You will fair well with him if you are not afflicted by a kiitib 

from among you, meaning someone from Babylon. And they were in fact 

afflicted by Zadan Farrukh who was a one-eyed evil man. "56 It was in that 

context that ]amll related his famous parable about the head of an axe 

that was cast in a forest. The trees then spoke among themselves saying it 

was not for a good reason that this axe was thrown here. "To which a simple 

tree responded, if one of your branches does not go into its end, then you 

have no reason to fear. "57 

Doesn't this anecdote of ]ahshiyari point to the sense of a collective anx

iety on the part of a community, this time the Persian community, and the 

eventual attempt of its members to accuse each other of treason, as any soci

ologist could have predicted under such circumstances? Wouldn't it be nat

ural for such things to happen in a community that suddenly found itself 

disenfranchised, after it had already happily monopolized the positions of 

power in the government for years, just because the members of that com

munity could control one language or other, or some science or other? 

Doesn't the sentiment commonly referred to with the term shu ubfya (racial 

prejudices), which is so often repeated in the sources of the period, represent 

something of the sort as well? Didn't the translation of the diwiin produce 

such a group anxiety so that Zadan Farrukh had to tell his friends, when 

�alii) had succeeded in translating few lines of the d!wiin, "go seek an abode 

other than this," as reported by Jahshiyari?58 

I am almost certain that all that took place. And that the often repeated 

references to the competition between those who were employed by the 

government with those who were seeking such employment only confirms 

this, especially when we all know that the government was always a flour

ishing market, as was already known to Ibn Qutayba and later on to Ibn 

Khaldun,59 as it was usually the main employer at all times and in all places. 

What could those communities do in response to those events? How 
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could they awake from their first shock and try to reclaim their previous 

positions in the corridors of government? I think they did what most com

munities would do under such circumstances: go back and try to mon

opolize the government positions by other means. One such mean was to 

acquire the more advanced specializations in the very sciences that the gov

ernment badly needed so that they would become once more indispensable 

to the running of the government. 

How could that acquisition of advanced sciences happen when I have 

argued that there were no teachers and no experts to teach those disciplines? 

But if we stop to think that science does not always progress by the steady 

instruction of teachers, but rather by the leaps that are taken by very bright 

individuals who are capable of going beyond where their teachers had taken 

them, and who are usually inspired by an urgent need to do so, then the 

answer to this question would become slightly easier to comprehend. 

Consider the following circumstances. The bureaucrats, who worked in 

the dzwiin before it was arabised, were the very persons who knew the 

elementary sciences and used their linguistic and scientific skills to monop

olize their positions at the dzwiin, as we have already argued. Those same 

bureaucrats also knew that the very sciences that they mastered for their 

limited purposes were only introductions to more advanced sciences that 

they did not need to acquire as long as their positions were secure through 

the monopoly. I say this as I can almost hear someone like Sergius of 

Ras'aina, who died toward the middle of the sixth century, and Severus 

Sebokht of the seventh century, say in their introductory treatises on astron

omy: "whoever wants to verify this or that problem, more accurately, he 

should seek the more advanced texts of Ptolemy called the Almagest, or 

the Handy Tables. "60 And those were the most advanced Syriac scientists 

of the period just before Islam or in early Islamic times. We note that they 

still used that kind of language about the Greek sources. Wouldn't their co

religionist and their community members, who were employed in the gov

ernment, a few centuries later, share the same expectations from the Greek 

sources, and have at least the kind of knowledge that was similar to theirs? 

It is most likely that they too used to find in their own administrative sci

entific texts references similar to those that we can still find in the extant 

works of Sergi us and Sebokht. 

In order to be able to compete with the new occupants of the dlwiins, and 

go back to monopolize the high positions of government, members of these 
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communities of bureacrats had to make use of their knowledge of both the 

Greek language and the elementary sciences that they used in the dzwan, 

and try to educate themselves or their children in the more advanced sci

ences, to which their elementary sciences referred for higher precision and 

sophistication. They did all that in order to be able to deploy that new infor

mation and win their previous positions at the dzwan. Now that they had 

lost their jobs, they had an excellent motivation to go to Ptolemy's Almagest, 

that they knew only by name before, when they had no need for it, and to 

which they were referred by their co-religionists. 

Under the new conditions, and with the pain of unemployment, these 

bureaucrat communities would go back to teach their children and their co

religionists and to urge them to acquire the more advanced sciences about 

which they were well informed by the Greek as well as the Persian classical 

sources. And since Arabic had by then become the language of competition 

they were obliged to demonstrate their competence both in the new bureau

cratic language as well as in the sciences of the higher order. Again, all those 

difficulties had to be re-negotiated before they could reestablich the monop

oly that they once had in the dlwiin. Within one generation or two, the chil

dren of these two communities managed to achieve that, and under the 

severe competition they also managed to perform the unique and remark

able feat that they did. It is the children who surpassed their teachers in 

acquiring the new advanced sciences, because they were motivated to do so 

by the pressure of their mere survival. 

That such a thing did in fact take place is also reported in the classical 

sources, when those sources report the return of whole families back to 

the highest positions at the Abbasid court. Families whose members knew 

perfectly well both the languages and the sciences of the Greeks and the 

Persians. Those new families could now occupy positions that were much 

more sensitive than the old dfwiin jobs; they could become the personal 

advisors to the caliph himself. Think about the Bakhti:shii' family, which 

produced several high-ranking physicians for the Abbasid court and whose 

members passed those jobs from father to son for nearly 100 years. The same 

Nawbakht family, of whom we spoke before, also achieved the high status 

of court astrologers, and also for several generations of fathers and sons. 

Think also of I:Iunain Ibn Jsl)aq, who managed to recruit his son and 

nephew, among others, into the court of the caliph as translators and physi

cians at the highest level of government. And to have a glimpse of the 
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deadly competitive environment those new aspirants had to go through, 

think also of the very tough competition f:Iunain himself had to face from 

his own co-religionists and the speakers of his language, as he himself 

laments in an account that is preserved in the work of the thirteenth

century bio-bibliographer Ibn Abi U�aybi'a. 61 

What is being proposed here is that the translation movement that is 

under discussion was generated by the desire of two communities to 

re-acquire jobs that their parents and co-religionists had lost in the gov

ernment offices. And in order to do that, at that particular time, that is 

during the early years of the Abbasid empire, they aimed to become indis

pensable to the government by their sheer possession of highly specialized 

knowledge. From those new posts, they tried to re-establish a new monop

oly that the lower d!wan workers could not even dream of having as long as 

they stayed with their elementary sciences. 

The evidence that such things did take place come from all those sources 

that speak of the competition among the highest bureaucrats in the gov

ernment and their various attempts to exclude others from the competition 

through casting doubt about their competence in the advanced sciences. 

f:Iunain's treatise which was just cited, and in which he recounts the attacks 

he had to suffer at the hands of the other Christian physicians, who would 

malign him by referring to him as " just a translator and not a physician, " is 

a brilliant example of that activity. It also opens for us a small window at the 

court of the Abbasi d's of the early part of the ninth century, with the court 

bureaucrats attempting very earnestly to create the new monopoly that will 

secure their jobs. 

The sources have also preserved for us the communal solidarities that 

began to appear among the Syriac and Persian communities, and at times 

even among the people of the same city. We know, for instance, that 

Yul).anna b. Masawayh refused to teach f:Iunain b. Isl).aq medicine because 

f:Iunain was from the people of 'Ibad (a group of eastern Arabian tribesmen) 

of f:Ilra, whose members made a living mostly from exchanging money. 

Yul).anna, on the other hand, was from Jundisapur that produced the 

famous Bakhtishu' family of which we just spoke. According to Ibn Abi 

U�aybi'a, "the people of Jundishapur especially, and their physicians, shied 

away from the people of f:IIra and abhorred introducing the children of mer

chants to their profession."62 
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We also read in the same classical sources about the new environment of 

arrogance that in the past used to characterize the life of the dlwiin, as we 

saw in the cases of Zadan Farrukh and Sarjun in their respective dlwiins. In 

the new era, we now begin to see a new class of people, who managed to 

create, somehow, a new monopoly, at the highest levels of government. And 

those people seem to have been emboldened, as in the case of the same 

Yu!;anna b. Masawayh, who, according to al-Nadim, was " a venerable physi

cian, given due respect by kings, a great scholar and author, who had served 

under al-Ma'mun, al-Mu'ta�im, al-Wathiq and al-Mutawakkil,"63 and above 

all dared to behave in the following fashion in the presence of the caliph 

al-Mutawakkil himself: 

Al-Nadim says: "I read in the hand of al-f:lakimi, who said: 'Ibn f:lamdun 

the boon companion [of the caliph] teased Ibn Masawayh, one day, in the 

presence of al-Mutawakkil, to whom Ibn Masawayh responded: 'if you had 

had as much intelligence as you have ignorance, and if that intelligence 

were distributed over a hundred beetles, then each of those beetles would 

have more intelligence than Aristotle."'64 If this is true, and there is no rea

son to doubt the veracity of al-Nadim in this account, then we can say this 

competitive environment produced for the Abbasid bureaucracy the finest 

class of servants, who had a remarkable competence, and who also tried to 

exercise their newly-found power by showing off at the highest positions 

of government. Those new highly qualified bureaucrats must have felt 

quite secure in their new posts, when they sat next to the caliph, and within 

his most intimate circles. Otherwise why would someone like the caliph 

al-Mutawakkil tolerate the behavior of Ibn Masawayh when the latter dared 

insult the caliph's own boon companion? 

This anecdote simply illustrates that this class of new bureaucrats had in 

fact managed to accomplish one of the most important feats in the history 

of Islamic civilization. They motivated and produced a translation move

ment, which was primarily an administrative movement in the first place, 

in which various competences were fighting over government positions, 

and in which many accusations of treason and the like frequently took 

place. That should not be surprising, for any sociologist could easily predict 

that such competition and behavior would be quite natural in cases of 

extreme competition. 

As a by-product of this movement and the competition it engendered, 

the Arabic language, which had become by then the language of the new 
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sciences, also managed to widen the circle of competition, and to open the 

opportunity for the Arabs, now working in the d!wiins, to join in the com

petition in order that they too could acquire the new sciences and preserve 

their new positions. Those Arab or Arabic-speaking bureaucrats now had 

their own reasons to hold on to power, and thus had to join the competition 

as well, either by accumulating knowledge directly, or by securing the ser

vices of men who could acquire that advanced knowledge for them. That 

was the case with many bureaucrats of the time. And for that reason we see 

that most of the translations, which were produced during the ninth cen

tury, were themselves patronized by bureaucrats, who were close to the 

center of power. Those translations were rarely patronized by the caliph 

himself, if they ever were. The caliph only got the best competent class of 

employees, but the employees sorted themselves out by their own sifting 

and competition. We all know that political power usually remains distant 

from science itself and occasionally even devotes itself to the exploitation of 

the scientists. Why should it be any different during Abbasid times? Only at 

very rare occasions does one find a learned potentate, and if that person ever 

existed his influence could not have spanned the vast period of scientific 

activity that was produced during Abbasid times and thereafter. Something 

else must have been at work, and our model predicts a continuous com

petitive environment at the bureaucratic level that kept those sciences alive 

and prospering. 

In another extant treatise of f.lunain Ibn lsi)aq, about the medical books 

of Galen that were translated into Arabic, and whose account he was asked 

to give by one of those bureaucrats who was also close to the caliph, he 

related in great details the conditions that led to the translations of 129 

books of Galen.65 In it he tells us that most of those books were translated 

for the sons of Musa b. Shakir, and especially for Muf,lammad and Ai)mad

the two brothers who had together patronized more than 80 books of the 

total-and not a single book had ever been translated for the caliph. This in 

addition to the fact that f.lunain himself, who had the lion's share in those 

translations, was at the same time the caliph's physician. 

Conclusion 

Looking at this translation movement, which was responsible for the intro

duction of the ancient sciences into Islamic civilization, from this perspec

tive, allows us to open new windows onto Islamic intellectual history, and 
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to begin to discern the motivation that gave rise to this movement. We can 

then see how certain members of the society, whose livelihood was threat

ened by 'Abd al-Malik's reforms, had to insure that livelihood by other 

means. They naturally resorted to higher specialization through the trans

lation of the more advanced sciences. That in turn helped them gain an edge 

in the new competition. And as a result they could secure, as Ibn Masawayh 

and some others tried to do, a new monopoly at the higher echelons of 

government. When we remember that those echelons were in fact the very 

top caliphal court itself, we can then appreciate the vast power those people 

managed to garner for themselves and often for their descendants. This 

"healthy" competition also led to a healthy increase in the acquisition of the 

more advanced sciences, only to produce further competition, and so on. 

Therefore, the conditions that prevailed during the first century of 

Abbasid rule seem to me to have been the healthiest conditions for com

petitive acquisition of science where caliphs had a whole group of highly 

qualified people who could compete for whatever projects the caliph dreamt 

of executing. Of course, the resulting spread of science on its own created 

the even healthier conditions for further developments in science. In fact, it 

may have been this very environment that created what came to be known 

later as the Golden Age of Islamic civilization, and which was celebrated by 

the classical narrative. 

All this competitive activity apparently had nothing to do with the 

Persian "elements" of the Abbasid Empire who were supposedly trying to 

recapture their own antiquity by reclaiming their sciences from the Greeks. 

On the contrary it apparently happened because the Abbasids turned out to 

be the unwitting heirs to 'Abd al-Malik's reforms that preceded them by 

about one full generation. It was those reforms that set the healthy compe

tition in motion in the first place, and through this competition the ever

increasing desire to acquire more and more advanced scientific books to 

keep the competition going. 

All these conditions need to be investigated much more thoroughly. 

Various historians of varied scientific and philosophical disciplines need to 

re-examine these activities, which have only been scarcely touched upon 

here, before any more definite conclusions could be drawn. But this revi

sion itself should hopefully make room for a better understanding of the 

dream of al-Ma'mun, the role of the Mu'tazilites, and the actual role of 

the Syriac and Persian-speaking communities. It was the members of those 
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communities who needed to seek the Greek and Persian classical sources, 

which had been treasured in dark inaccessible temples for centuries, and to 

dust them off and re-deploy the information therein for their own needs in 

order to survive the deadly competition they were facing during the early 

Abbasid times. 

Most importantly, the revision, that this alternative narrative forces upon 

us, can now definitely demonstrate that this acquisition of the classical sci

ences, and especially those of classical Greek, was not simply an act of blind 

imitation, but had to be adjusted to the needs of the time as we shall see later 

on. But much needs to be done still before one can substantiate in a com

prehensive manner the effects of all these activities in very concrete terms. 

And yet, some preliminary results have already been reached by just 

applying the framework of this alternative narrative. We can now put some 

of those results on the table and hopefully use them to paint a slightly dif

ferent picture from the one the classical narrative usually offered. As we can 

now see, the translation movement was not a movement to imitate a higher 

culture that was there standing in competition with one's own. Instead, the 

acquiring culture had to dig out texts, that is really appropriate those texts, 

which were practically forgotten in the source culture. For although the 

Byzantines still spoke and wrote in Greek, they kept the classical books in 

vaults for years until they were brought out as a result of the demand in 

Baghdad, where they were now better appreciated. In a sense those sources 

were given a new lease on life as a result of the dire needs of the Syriac- and 

Persian-speaking communities who needed to reclaim the government posi

tions their forefathers had lost. But more importantly, the competitive envi

ronment forced those new seekers of knowledge to quickly bypass the 

scientific production of Byzantium at the time and to seek their interlocu

tors in the best of the classical sources. It is no wonder that the names of 

philosophers and scientists who were not even contemporaries, and who all 

produced their knowledge before the third century of the Christian era 

(Plato, Aristotle, Galen, Ptolemy, and Diophantus, among others) became 

household names in ninth-century Baghdad. 

Another result that can now be seen much more clearly, and continues to 

become more obvious everyday, is that the translation movement of early 

Abbasid times, since it was generated by social conditions of the Islamic gov

ernment itself, did not simply translate the classical texts, digest them and 

then began to create a science of its own as the classical narrative continues 
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to tell us. What seems to have happened is that the translation and creation 

were taking place at the same time, as we shall also see again. Or better yet, 

with the alternative narrative we can discern some creative activities to have 

preceded the translations of the advanced text, and that those creative activ

ities by themselves required further translations in order to lead to more cre

ative thinking and so on. In this manner we can understand why al-I:Ia j jaj 

b. Matar had to read Ptolemy's text very carefully and to correct it whenever 

he thought it was in error. 

Furthermore, these preliminary results also demonstrate that both the 

translators as well as the patrons of those translations were themselves, and 

in most cases, scientists in their own right. And although they were close to 

political power, they were digging niches of their own within the ruling 

bureaucracy that could outlast the caliphs themselves. In other words, those 

bureaucrats had their own needs for those sciences and for the scientists that 

sometimes accompanied them. In a good number of cases they were scien

tists themselves as well. To illustrate their own hold on power, all we have 

to do is to consider their relationship to the person of the caliph himself, 

only to realize how much more established they were in order to survive in 

some cases at the caliphal court even after the succession of three to four 

caliphs who would be at times violently removed from power. Yet the phy

sicians, the astrologers, the engineers, etc., would survive and continue to 

exercise that indispensable role their parents had wished for them, when 

they set them out to reach for the more advanced classical sciences. 

Modern historians of Islamic science have already begun to demonstrate 

the ingenious research that seems to have taken place in early Islamic times, 

just as the translations were being carried out. And if we come to realize, as 

we now hopefully do, that the d!wiin translations had already opened the 

door for further more advanced translations, then it becomes only natural 

to expect such creative results once the door for creative activities had been 

swung wide open for all qualified people to compete. This would be an ideal 

dream for a society that was undergoing what we would now call nation 

building. And something of the sort seems to have happened. 

Modern research has also begun to uncover that this creative activity 

included most and foremost a process of re-assessment of the Greek scien

tific legacy, as we shall see later on, which constituted an active program of 

correcting the Greek mistakes. It even went further than that to create new 

scientific disciplines, such as algebra and trigonometry, as we have already 
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seen. It even reformulated older disciplines, as was the case with the disci

pline of astronomy when the new science of hay'a (theoretical astronomy) 

was created at the same period. All these results need to be fleshed out and 

their consequences pursued even further before we can come to grips with 

their full social and cultural implications. 

But we can also say that the results that have been established so far can 

definitely demonstrate very clearly that the process of monopoly which was 

first exercised by the d!wan employees, and then attempted again by the 

more educated class of their descendants, as was clearly demonstrated by 

Ibn Masawayh's treatment of I:Iunain and the group of physicians at al

Mutawakkil's court, who afflicted the same I:Iunain with all sorts of calami

ties and intrigues, came to no avail. The reason for its failure came from the 

very nature of science itself, which does not easily allow for the monopoly 

of such activities, especially when there is a desperate societal need to pur

sue them. We can also say that the resulting flourishing activities at the time 

of the early Abbasids, who themselves simply inherited all those compet

ing classes of very qualified people from the Umayyad reforms, created an 

unprecedented recovery of the sciences of antiquity with a deep desire to 

deploy them for the purposes of the time, a phenomenon that was not to be 

repeated until the time of the late European renaissance. 

At this point, I would like to go back and raise the question about the 

actual benefits that could be derived from the adoption of this new alterna

tive narrative. In my defense, all I can say is that this new narrative had to 

be adopted after I have been fully convinced by al-Nad!m's strategy in pre

senting his argument about the translation movement. It was in that argu

ment that he made the direct connection between the Islamic Civilization's 

appropriation of the ancient sciences and 'Abd al-Malik's reforms which 

were mainly centered around the order to translate the dTWiJtl. It was al

Nadlm as well who saw that appropriation as a consequence of the reform. 

One wonders if 'Abd al-Malik himself ever contemplated all the conse

quences that his order entailed. But for us, by adopting this new narrative, 

if it does not do us any good, at least it will certainly help us explain the 

behavior of the d!wiin employees, and the social conditions that ensued by 

isolating them as a class whose children will from then on strive to come 

back to the government at the higher, more desirable and more indispens

able positions .  
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But on the theoretical level, what would be the benefit from adopting this 

new narrative in preference to the classical narrative that was in fact the 

brain-child of some of the most distinguished orientalists? This, when we 

also know that this very classical narrative seems to have served the com

munity of Islamic intellectual historians for more than a century now. The 

answer to this question must be sought on two levels: The practical level 

which touches directly on the process of narrating the internal history of 

science itself, where we could pursue the developments of scientific ideas 

from one concept to the next, and the methodological level, which touches 

upon the reasons for which the history of science is written in the first place. 

As a corollary the answer also touches upon the best way to write history 

in general. 

On the practical level, by adopting the alternative narrative, we would be 

able to answer some of the questions that will be discussed later when we 

use the discipline of astronomy as a template for the remaining disciplines 

and as a direct application of the impact of the new narrative. This will serve 

us well when we undertake to explain the developments in that discipline 

once it came to be pursued and reformulated within the Islamic civiliza

tion. We will then see that many phenomena, which had remained as ver

itable enigmas under the classical narrative, could now become easily 

understandable with the alternative narrative. To give only one quick pre

view at this point, I point to the language of the translation itself and the 

manner in which this very language could resolve the scientific technical 

terms so that someone like al-l;lajjaj b. Matar could produce the earliest sur

viving translation of the Almagest in a fluid, technical and highly readable 

Arabic. This, when we know that this book is probably one of the most 

densely-written technical books, if not the most, and in which such terms as 

"auj," "IJa(fiq, " "ufiuj" for " apogee, " "perigee," and " horizon" respectively, 

were freely used without having to transliterate the Greek as was done in 

other works from the same period or even from a later period, as in the works 

of Qusta and Isl)aq b. l;lunain. How could al-l;laj jaj ,  who was one of the ear

liest Abbasid translators, create this technical language? How could he suc

ceed when we know how difficult such an enterprise can be? To convince 

one's self of that difficulty, all that one has to do is to consider the heroic 

efforts that have been pursued in the modern Arab countries, over the last 

fifty years or so, and continue to be pursued, to create such a technical lan

guage? If the alternative narrative does not answer any question other than 
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this one, it would indeed prove its worth over and above the older classical 

narrative that remained silent about it, or turned it into an irresolvable 

puzzle in the first place. That is, if we stick to the classical narrative, which 

assumed that there were no sciences to speak of before the Abbasid transla

tion period, the hegemony of the Mu'tazilites, the dream of al-Ma'mun and 

the like, we will not be able to explain the rise of this technical language of 

I:Iaj jaj at this early period. 

But if we go along with al-Nadfm and affirm that the translation move

ment had already started with the translation of the elementary sciences of 

the dzwiins, 66 and then remember that this dlwiin translation movement 

preceded the translation of al-I:Iajjaj by about a full century, then it would 

become easy to understand the benefit that these earlier translations must 

have produced at the level of coining technical terms for someone like al

I:Iajjaj to use so freely 100 years later. There is no doubt that al-l:lajjaj must 

have introduced some of his own terms, as we can still see in the hesitation 

of people like Qusta and IsJ:laq to follow him. At this point, I have no desire 

to underestimate the efforts that were definitely expended by al-I:Iajjaj him

self in accomplishing this project, but I do wish to emphasize that the alter

native narrative puts him in his historical context, which allows him to 

pick up from the newly available language of the dlwan translations, add 

some of his own, as could be understood in a normal historical process, and 

not force him to perform miracles by creating a whole new technical lan

guage from scratch, as the classical narrative would have asked us to believe. 

Al-I:Iajjaj's technical language is only one of the many sources of difficulty 

that we shall encounter in the following chapters, and where we will have 

occasion again and again to harp back on the benefits that could be derived 

from the adoption of this alternative narrative. 

On the theoretical level, why do I call for the adoption of this alternative 

narrative? In response I must point to the importance of connecting the his

tory of science to the social conditions in which science is spawned. For 

although I do not think we will be able to pinpoint exactly why a certain 

science is supported in a specific society at a specific time, while other fields 

of knowledge were stifled, I am certain we cannot fully understand the inner 

workings of the interaction between scientific production and the social, 

economic and political conditions without paying attention to this dialec

tic relationship. Adopting the alternative narrative will allow us at least to 

understand why certain translations were done at specific times, and why 
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the very act of translation became important when it did. This will surely 

save us from the confusion usually offered by the classical narrative that 

attributes the origins of the translation movement to essentialist features of 

Islamic religion itself at times, while at other times it focuses on the racial 

composition of early Islamic society, like attributing the interest in the 

translations to the Persian "elements" of the Abbasid empire, as we are so 

often told. 

With this alternative narrative, we can see for the first time, after the 

insight of al-Nadim, the clear relationship between scientific production 

and the social factors that made that production essential on the first hand, 

and possible on the other. With that insight we can come close to under

standing the early intellectual history of Islamic civilization. And from that 

perspective we may finally come to appreciate the role played by the gov

ernment bureaucrats (the kuttiib and the viziers) in promoting the acquisi

tion of the ancient sciences, by patronizing this acquisition for their own 

purposes of competition and advancement in their jobs. 

We would no longer need to continue to attribute such interest to a 

caliph's dream or the like, as if history marches in tune with the dreams of 

a single ruler or other. Furthermore, this alternative narrative allows us to 

explain why the 129 Galenic books on medicine were all translated for 

bureaucrats and not a single one of them to a caliph, as we were told by 

I:Iunain himself in the aforementioned treatise. We can also understand why 

the third, or maybe the fourth, translation of the Almagest was also patron

ized by another bureaucrat by the name of Abu Saqr b. Bulbul (d. ca. 892), 

who worked first as a kiitib and later promoted to a vizier, and not by the 

caliph himself. 

I shall have occasion to return to these issues in light of the history of the 

Arabic astronomical tradition, where, as I have already said, I will use that 

discipline as a template against which I will check the validity of this alter

native narrative. I will continue to use every possible occasion to illustrate 

the advantages gained by adopting this alternative narrative over and 

against the classical one, hoping that we can come to understand better the 

development of Islamic scientific thought. 

With all that I hope that I have stressed enough the need to go back to the 

primary sources, both historical and scientific, and to try to re-read them 

without the biases of any ideological narrative, as much as possible, in order 

to detect from the sources themselves the direction that was taken by the 
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scientific production and why. That process will hopefully lead us to a 

better understanding of the real developments in Islamic science, the vari

ous periods it went through, and come to finally appreciate, as much as we 

can, the real social forces that made all that possible. 

Now that I have explained the motivation for the acquisition of the 

ancient sciences, and hopefully explained the processes and the social fac

tors that brought it about, it is time to turn to the social conditions once 

more and try to detect the impact that these new "ancient" sciences had on 

the nascent Islamic civilization and how they were themselves transformed 

by this civilization. I shall devote the lion's share of the discussion to the 

impact of the Greek sciences on early Islamic society, for no reason other 

than the fact that those sciences became the focus of great concern from the 

earliest centuries and continued to capture the imagination of later scien

tists in everything they did, much to the neglect of the Persian and Indian 

sciences whose impact apparently began to fade rather quickly around the 

middle of the ninth century. 



3 Encounter with the Greek Scientific Tradition 

Like all messages that suffer from the reputation of the messenger, the 

incoming translations of Greek and Sanskrit texts, that began to be pro

duced toward the end of the Umayyad and beginning of the Abbasid period, 

as a result of 'Abd al-Malik's reforms, began to be naturally associated with 

those classes of people who were now considered outside the bureaucracy of 

the dlwl'in, thus foreign to the body politic of the government hierarchy 

itself. On the opposing side were those who acquired their new jobs by 

virtue of their mastery of the Arabic language, which was now the new lan

guage of the dlwiin. The natural allies of the second group were those who 

had also staked a position for themselves that depended on the mastery of 

the Arabic language as well. Rut their dependency was for slightly different 

purposes. These allies who were mainly religious figures and jurists required 

the mastery of the Arabic language in order to use it as an authoritative tool 

that allowed them to master the Qur'anic text, in the first place, as well as 

master the other ancillary sciences like the prophetic traditions Uzadlth), 

grammar, lexicography, literature, poetry, as well as all disciplines that 

served the purpose of deriving juridical opinions from such texts. Those two 

groups: the religious scholars and jurists on one side and the new bureau

crats of the government on the other, whose claims to authority were based 

on their mastery of the Arabic language, began to be perceived together as 

one larger group only when they were contrasted with those whose main 

claim to power was based on their mastery of those "foreign sciences" that 

were being recently translated, and were naturally from outside the culture. 

In this context it is easy to see why the early epistemological division 

between "foreign sciences" and "Islamic sciences" could very quickly gain 

ground, in this early period and could persist throughout Islamic intellec

tual history. 
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Although the translations came from the two main cultural depositories 

of India and Persia, in the east, and from Hellenistic lands, in the west, the 

Greek classical tradition soon began to outshine the other competing tradi

tions. We have already seen that some major Sanskrit texts began to be trans

lated during the reign of the second Abbasid caliph al-Man�ur (754-775) if 

not before, 1 some texts on logic even before that,2 and it has been generally 

accepted that the Persian and Sanskrit texts, few as they were, were indeed 

the first to be translated.3 The fact that the Sanskrit and Persian translations 

seem to have come first, must mean that members of the Persian-speaking 

community were the first to arrive at the conscious realization of the need 

to import "foreign sciences," in order to compete in the new government 

market. It may also explain the proliferation of rebellions during the first 

half of the eighth century, all led by Persians who contested the authority of 

the then decaying Umayyad empire and whose rebellious efforts were 

finally crowned by the success of the Abbasid "revolution" in the middle of 

that century. That revolution was mainly perceived, at first, as an alliance 

of various factions including several Persian ones, who were by then all dis

satisfied with the Umayyads.4 

It was after the initial successes of this Persian community that the Syriac

speaking community began to follow suite and to commence the trans

lation of the Greek texts into Arabic. For the philosophical and scientific 

sources, the forerunners of the Syriac translations included, for example, the 

early attempts of Ibn al-Muqaffa' to translate the Persian texts on logic.5 One 

has to assume that at least some other Sanskrit/Persian texts, dealing with 

medicine and pharmacology, quickly followed suit. And they would have 

obviously included the attempts of al-Fazari and Ibn Tariq, who were already 

mentioned before, to translate the Sanskrit astronomical texts into Arabic 

and to produce Arabic texts that were modeled after the Sanskrit ones. 

Those compositions may have also included especially modified Sanskrit 

texts that allowed their contents to fit the new Arab environment by adjust

ing, for example, the years of the mean motions into Arab years, meaning 

Hijra years that are smaller than the solar years by about 1 1  days each. This 

conversion task was not a trivial task as we have said before. But we are quite 

certain that it was in fact accomplished according to the report of al-Nadim 

about al-Fazari when he says that the latter had produced a "zlj 'ala sinly 

a!- 'Arab" (an astronomical table according to Arab years)." 

From a cultural perspective, and in contrast, the Arabic translations of 

Greek sources, which were mainly executed by the Syriac-speaking commu-
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nity, were much more comprehensive, and included, besides the pure sci

ences and medicine, very sophisticated texts on philosophy and logic. 

Taken as a whole, the Greek philosophical corpus, which was also under

stood to include such disciplines as medicine, astronomy and mathematics, 

appeared as a self contained and integrated body of knowledge that could 

explain many varied phenomena by resorting to an all encompassing philo

sophical system such as the Aristotelian system. And in all likelihood, this 

system was found particularly appealing, especially because of its general 

applicability to various phenomena and because of the interconnectedness 

of the various parts of the scientific principles embedded into the formula

tions of that system. Within a few years, that is, in just half a century or so, 

between 820 and 870, almost all translations shifted, for all practical pur

poses, from the Persian and Sanskrit, as source languages, to Greek as the 

preferred language to be tapped on all levels. 

The success of the latter translation attempt was unparalleled. It included 

almost all serious philosophical and scientific Greek texts. And technically 

speaking, the translations themselves began to be more organized, more sys

tematic, involving teamwork, and at times operated very much like work

shops in their own right. When one thinks of someone like I:Iunain b. Isl).aq 

and his son Isl).aq as well as his nephew I:Iubaish/ all involved in similar 

activities or joint projects during that same period, one can begin to detect 

the family structure of that activity. One may also anticipate the possible 

abuse of these activities by monopolizing entrepreneurs, or by patrons who 

at times wished to control the information those translations were bringing 

into Islamic civilization. These conditions could also explain why I:Iunain b. 

Isl).aq almost devoted his full time translating for Banii Miisa, while he also 

occupied the formal position of the Caliph's physician, especially during the 

reign of al-Mutawakkil (847-861) .  

The monopolizing entrepreneurs did at  times include professionals who 

required translations of specific Greek texts into Syriac rather than Arabic, 

so that they would at least monopolize the information for a while before 

the text would eventually be translated into Arabic. We know from I:Iunain's 

account of the translations of the Galenic books that he had translated some 

into Syriac for physicians like Jibra'il b. Bakht!shu'.8 The same may be true 

of all the Aristotelian books that were reported by al-Nadim9 to have been 

translated into Syriac as well during this period, or just before. As we already 

said, the so-called "old translations" (naql qadfm), may have also been part 
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of this competitive attempt at monopolizing information by the Syriac

speaking community. 

To those who were not involved in the translation activity themselves, the 

world looked like it was already governed by two main groups. On the one 

hand, there were those who possessed the information contained in the 

"foreign sciences" now understood to be mainly Greek. Those same people 

were either employed at the highest echelons of the government offices like 

advisors to the caliphs or were competing for those same jobs from outside 

the government. On the other hand, there were those who possessed the 

mastery of the Arabic language and who worked at the lower echelons of 

the government at the old dzwan jobs but now allied to religious figures 

mentioned before who also jointly claimed the same sources of power: 

Arabic linguistic sciences. This intellectual split continued to express 

itself, as we just saw, in various forms like "foreign" versus "indigenous, " 

"ancient" versus "modern," "rational" versus "traditional,"  etc., all signify

ing those two main centers of the new power structures. 

In such an environment, and with the affiliations of the people involved 

in the pursuit of those sciences, it is easy to explain the appearance of such 

movements as the shu ubzya movement, which was widespread during the 

first half of the ninth century, and which pitted Arab versus non-Arab in 

almost every field of life. By the ethnic term Arab at this period one should 

probably understand it to mean an Arabophile as well, or designate people 

who laid their claim to power through the use of the Arabic language. 

Anecdote after anecdote relates this sentiment, even when the purpose 

of the anecdote was purely entertainment. Al-Jai;i:.(':'s story, for example, as 

reported in his book al-Bukhala: 10 about the Arab physician Asad b. Janf 

(before 850) speaks directly to this widespread sentiment. Asad was once 

told that his medical business was expected to flourish during a plague year, 

to which he answered that it was no longer possible for someone like him to 

make a living. When asked for the reason he said: that he was a Muslim

and people always thought, even before he became a physician or he was 

even born, that Muslims would never succeed in medicine; his name 

was Asad when it should have been Saliba, Morayel (sic), Yul;anna or Piri; 

his agnomen (kunya) was Abu al-l;larith when it should have been Abu 'Isa, 

Abu Zakariya, or Abu Ibrahim. Moreover, he said, he wore a white cotton 

cloth, when it should have been a black silk robe. And his diction was 

Arabic, when it should have been the tongue of the people of J undishapur. 
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The competition between Arabs and non-Arabs, and among Muslims, 

Christians, and Jews, could not have been expressed any better. Further

more, the anecdote illustrates the clear separation between those who 

depended on the foreign languages to make a living, like the people of 

Jundishapur, and those Arabs or Arabophiles who sought to establish their 

authority through the Arabic Language. The anecdote also illustrates why 

people like Asad would naturally ally themselves with their co-religionists 

who also sought their power through the Arabic language. 

In that environment we can also understand why even non-Arabs, mainly 

those of Persian descent, like Sibawaih (765-796), would also attempt to 

master the Arabic language once they apparently realized that they could 

not compete in the realm of the "foreign sciences"; the latter were being 

quickly monopolized by those who knew Greek rather than Persian. Those 

linguists, although of non-Arab origin but were probably Arabophiles, 

would eventually ally themselves with the religious sciences as well, and 

with those who steered away from the proximity of political power, in oppo

sition to those who kept on translating "foreign" sciences into Arabic and 

getting closer and closer to the person of the caliph himself through the 

patronage of high ranking bureaucrats. The areas that depended on the 

acquisition of the foreign sciences, at the highest echelons of government, 

were the areas that became indispensable to the government as was already 

mentioned before. 

This does not mean that the competition was restricted to people of dif

fering linguistic groups and ethnicities, if one could speak of ethnicities at 

that time. For we know that the deadly race definitely spread throughout the 

bureaucracy to include at times people of the same religion and profession 

as we have seen with the case of J:Iunain b. Isl)aq at the caliphal court of 

al-Mutawakkil. 

In such an environment, it would be natural to expect that any intrusion 

from the outside would be welcomed by some and immediately rejected 

by others. And since any imbalance in the available fields of knowledge, 

now understood as tools to political power, would necessarily mean the loss 

of livelihood for some and boon to others, as had already happened with 

the dlwan translations, a fact that was still fresh in people's minds during the 

eighth and early ninth century. Under those conditions then, everyone con

cerned would quickly scrutinize the introduction of any new idea. And this 

scrutiny would be first conducted by the opponents of those who were 

importing the new idea, or science in this case, and then by its proponents 
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in order to make sure that it could withstand the attacks from the opposing 

camps. It would not even be unusual to have some of those new incoming 

ideas also attacked by those who were in the same camp, but who were 

themselves also competing and jostling for a greater share of power. It was 

in such an environment that the newly imported Greek sciences were cast. 

The importers of Greek astronomy had to make sure that their field was 

dissociated from astrology, which was religiously frowned upon. In order to 

accomplish that, it was those very astronomers who succeeded in re-casting 

their discipline and in creating the new astronomy, which came to be 

known as 'ilm al-Hay'a and for which there was no Greek equivalent term as 

such. Once they could shun the discipline of astrology, then the importers 

of Greek astronomy, as well as the composers of the Hay'a texts could simply 

pose as allies of the religious establishment as well, and could then flourish 

within that establishment as they brought their work to bear on the reli

gious sciences themselves. This trend explains the creation of the new field 

of mfqiit" toward the beginning of the eleventh century, in addition to the 

creation of 'ilm al-hay'a itself, as much as it also explains the creation of 

the mathematical discipline of 'ilm Farii'icj around the same period. 

In that polarized environment, which survived throughout Islamic his

tory, we can explain the appearance of certain new disciplines and the 

disappearance of others. We can also detect the flexibility of scientific pro

duction when it acclimatized itself to new social conditions. These develop

ments proved to be crucial to the lasting character of Islamic science in 

general, and were to cast a particular shadow on the developments that took 

place within the particular field of astronomy, where the brunt of this con

flict was focused. And it is for that reason that the reception of the Greek 

astronomical tradition offers us the best illustrative glimpse of the general 

conditions the other disciplines must have encountered as well. The emer

gence of Islamic astronomy as a discipline on its own is very much condi

tioned by these early labor-pangs the discipline went through and 

continued to color its developments in the later centuries. 

Reaction to the Greek Scientific legacy 

It is easy to see why the seekers of the Greek scientific texts were less vul

nerable than those who sought the philosophical ones; or say that their 

battle was easier to win. In the case of the sciences, especially the exact ones, 
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like mathematics and astronomy, it was easier to detect errors and to prove 

the superiority of one opinion against another. Only when such disciplines 

as astrology were included with those sciences, as was done in the Greek tra

dition, the situation became slightly more complex. 

In the purely scientific texts, as we shall soon see, there were those astro

nomical values in the Greek tradition that could easily be proved wrong. 

And that in itself could constitute a danger to those who were bringing 

those sciences into Arabic. For if they were not extra careful to weed out the 

mistakes, their whole enterprise could easily be denounced. In the case of 

philosophical ideas the boundaries between true and false were not as sharp, 

and the domains they covered overlapped dangerously with some of the 

domains reserved for religious speculation. 

While it would be of great scientific significance to find out that Ptolemy's 

measurement of this or that parameter was wrong and thus needed to be 

corrected, this very finding would not have any dangerous immediate social 

implications. But trying to uphold the philosophical idea that the world was 

eternal as some of the Greek philosophical texts would say would immedi

ately run into problems with the religious circles that were definitely set in 

their belief in the doctrine of the creation of the world, by a unique God. 

By paying attention to such social conditions we can then appreciate the 

circumstances under which certain ideas were accepted while others were 

rejected. Those conditions will also shed light on the very process of the 

importation of the "foreign" sciences and the battles those sciences had to 

endure. The fact that the proponents of the foreign sciences themselves 

were extra alert to the kind of science they were importing, and wanted to 

make sure that this science was free of any blemish, so that it can withstand 

the attacks we just described, this care could now explain the reason why 

someone like al-f:Iajjaj b. Matar would end up correcting the Ptolemaic text 

of the Almagest as he was translating it. 

In the text of the Almagest (IV, 2] , al-f:Iaj jaj found Ptolemy's report about 

the length of the lunar month. In it Ptolemy says that he was simply fol

lowing Hipparchus who had in turn taken two lunar eclipses that were sep

arated by 1 26,007 days and 1 hour, during which the moon made 4,267 

revolutions. Ptolemy went on to say that if one divided the number of days 

by the number of revolutions, that is, divided 1 26,0Q7ct and 1 h by 4,267, one 

would get the length of the lunar month to be 29 days, 31 minutes, 50 sec

onds, 8 thirds, 20 fourths (or alternatively written as 29;31 ,50,8,2Qct). In fact 
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if one were to carry out the division, as prescribed by Ptolemy, the answer 

would not be the one given in the Ptolemaic text, rather it would be 

29;31 ,50,8,9,20ct, which is exactly the number found in the earliest surviv

ing Arabic translation of the Almagest by al-l:lajjaj . 1 2 

Remembering that al-l:laj jaj was apparently conscious of the environment 

of competition that we just spoke about, he could not afford to have what 

looked like a mistake in the translation, and took it upon himself to correct 

the Greek text. Now whether this number was in fact a 'mistake' in the 

Ptolemaic text or not, a problem that was already confronted by Asger Aaboe 

almost half a century ago, is immaterial here .ll  The important point to 

make is that al-l:laj jaj  must have thought that it was a mistake, and thus felt 

that he had to correct it, so that another more competent translator or 

astronomer would not point to it and thus belittle his scientific abilities. 

The classic narrative could not possibly explain such nuances in the trans

lation process, for it did not pay any attention to the competition generated 

by 'Abd al-Malik's reforms, nor did it acknowledge the experience gained by 

the translators of the elementary sciences of the dTwiin for a generation or 

two that could give someone like al-l:laj jaj the necessary skill to carry out the 

correction. But with the alternative narrative all such activities become 

quite natural, and historically understandable. 

On the observational side, the competition was not any less severe. We 

know from early reports that astronomers were eager to correct the astro

nomical values of the classical Greek tradition, not only because they were 

probably driven by the same motives as al-l:lajjaj, i. e. to make sure that the 

texts they were translating were free of mistakes, but that they could also 

benefit from the passage of time in order to double-check the Greek astro

nomical parameters that lend themselves to refinements over time. 14  For 

example, the Greek value for the motion of precession was taken to be 

1°/100 years (or about 0;0,36°/year), as recorded in Ptolemy's Almagest [VII, 

2, et passim J. If that were true, it would have meant that during the first half 

of the ninth century-that is, some 700 years later-the fixed stars, and par

ticularly the star Regulus (a Liones) whose longitude was easy to observe due 

to its proximity to the ecliptic, would have been displaced in longitude from 

the position at which they were observed during Ptolemy's time by about ?". 

Instead the longitudes varied by as much as 1 1  o during that period, thus 

necessitating a new value of precession: about 1 o /66 years (0;0,54,54° /year), 



Encounter with the Greek Scientific Tradition 81 

or about 1 °/70 years ( 0;0,51°/year), whereas the modern value for this 

parameter is around 0;0,50° /year. 

Once the new value was found, astronomers working during the first half 

of the ninth century began to use it in their works as was actually done by 

the Ma'mun astronomers. 1 :;  Ibn Kathir al-Farghani (c. 861), who wrote his 

summary of astronomy around the same time, however, continued to use 

the old Ptolemaic value of 1°/100 years, 1 6  most likely in an attempt to be true 

to the Greek tradition. At other times, as in the case of the adoption of the 

new value for the inclination of the ecliptic, he did not hesitate to abandon 

the Ptolemaic value and to side with the new observations of his time. 

As we have also seen before, the inclination of the ecliptic which was 

determined by Ptolemy to be 23;5 1,20° was found to be too large, and the 

new measurements that took place in Baghdad, sometime during the early 

part of the ninth century, concluded that it was closer to 23;33°, a value 1 7  

that is still in use today. 

These new values must have come as a result of refinements that were 

obviously applied to both the methods of observations, as we shall soon see, 

and the types of instruments used for the purpose, as well as the size of those 

instruments. 

Then there was the solar apogee, which was taken to be fixed at 5 :30° of 

Gemini by Ptolemy, and which was also seen to have moved considerably 

by the ninth century. In fact the motion of this apogee was found to cor

respond very closely to the precession motion of the fixed stars, and thus 

by the time it was observed in Baghdad it was found to have moved by 

some 1 1 ° . 1 H 

All these findings must have been definitely determined by very compe

tent astronomers, at least as competent as Ptolemy if not more so. As a result 

they force us to raise the very same question that was raised before: Who 

trained those astronomers to conduct such refined observations and to 

determine such precise values that have obviously withstood the test of time 

as we still find them in current use today? The classical narrative would, at 

this point, fail dramatically to explain this phenomenon. But if we take the 

implications of 'Abd al-Malik's reforms into consideration, and assume the 

competition we have been assuming, then it becomes plausible to suggest 

that this very competition may have generated enough care and seriousness 

so that each astronomer would try to outsmart the others and continuously 
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keep trying to find better and better values for those basic astronomical 

parameters. 

But the sheer accumulation of so many parameters that were at variance 

with those reported in the Greek texts must have led to more serious 

research in early Abbasid times. For we find that sometime during the first 

half of the ninth century new methods of observations were suggested in 

order to avoid the pitfalls of the Greek ones, and in order to improve over 

the Greek results. People began to discuss the impact of the instruments 

themselves, as well as the strategies for the observations, all in an attempt 

to explain the reasons why they were finding results that were certainly dif

ferent from those that were found by Ptolemy some 700 years earlier. 

One of the early challenges to the Ptolemaic observational methods came 

in that same century, when someone suggested that the position of the solar 

apogee could be determined by a more refined technique. The new tech

nique involved observing the daily declination of the sun at the midpoints 

of the seasons, rather than their beginnings as was done by Ptolemy. That is, 

those ninth-century astronomers understood that Ptolemy's observational 

strategy, which required that the observations be carried out at the time 

when the sun would cross the equinoxial and solsticial points, was woefully 

flawed. And they also understood that this strategy would necessarily lead 

to the difficulty of determining the daily declination of the sun, say, on a 

mural quadrant, no matter how big, particularly when the sun was around 

the solstices. In fact, at those points the sun would not exhibit any appre

ciable declination and the daily variation in declination would actually be 

very small. Thus it could not be observed accurately. Those astronomers 

must have reasoned, therefore, that one would be much better off if he were 

to observe that declination when the sun was crossing the midpoints of 

the seasons, that is, the fifteenth degrees of Taurus, Leo, Scorpio, and Aquar

ius, and where the declinations would be much more apparent. The new 

method that was used for these observations was dubbed the Fu,sul method 

(method of the seasons) on account of its reliance on the midpoints of the 

seasons as points of observation, in clear contradistinction to the begin

nings of the seasons as was done by Ptolemy. 

With this shift in observational techniques, and in one full swoop, the 

new values for the solar apogee, the solar eccentricity, as well as the con

comitant value of the maximum solar equation could all be determined at 

the same time, and to a much higher degree of precision. And so they were, 
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as was reported in the so-called mumtal)an zij (Verified astronomical table) 

that was presumably composed during the reign of al-Ma'mun (813-833) . 19  

All that was happening during the early part of the ninth century, a feat 

that could not have been accomplished by novices who were just beginning 

to acquaint themselves with such sophisticated Greek texts that they were 

translating at the same time. Several generations of earlier translators of ele

mentary sciences must have paved the way for such activities, as the alter

native narrative now wishes to propose. 

Such activities continued to be performed on regular basis, and methods 

of observations continued to be checked and double-checked. New research 

on the types and sizes of instruments must have also been undertaken, and 

must have continued in the later centuries to constitute a tradition by itself. 

We have echoes of all this in reports preserved from the tenth century. One 

copy of such reports has been quoted in the thirteenth-century bio

bibliographical dictionary, the Ta'rikh al-l)ukamii' of Qifti.2° In it we are told 

that during the early Buyid times, i.e. during the latter half of the tenth cen

tury, the famous astronomer Abu Sahl al-Kuhi (c. 988) was called upon to 

conduct fresh observations in order to double-check these same values for 

the solar apogee, the solar eccentricity as well as the maximum equation of 

the sun. The report went on to say that Abu Sahl preferred to determine the 

sun's entry into the summer solstice and the autumnal equinox, just as was 

done by Ptolemy before him. But, more importantly, we are also told that 

Abu Sahl had a whole group of people present at the time of the observa

tions, including religious scholars, judges, mathematicians, astronomers, 

the famous bureaucrat Abu Hila! al-Sabi' (d. 1010) as well as other officials. 

Abu Sahl had all those officials affix their signatures to the report of the 

observation. The sheer variety in the professions and ranks of the individu

als involved can only emphasize the social significance of such activities 

at that time. But the question remains: Why would Abu Sahl choose the 

method of Ptolemy, when he should have known that it was already super

ceded by the fu�Ul method more than a century before? Was he trying to 

"outsmart" Ptolemy by carrying out the very same observation? 

Other echoes of the research on better and larger instruments also come 

to us from the works of al-Khujandi (d. ca. 1000), in which we are told that 

he attempted to build very large instruments in a continuous bid to get more 

precise results.21 Khujandi was supposed to have attempted to build a sex

tant whose radius was some 20 cubits, and graduated in such a way that it 
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would allow the observer to measure down to minutes of arc rather than 

degrees.22 

In later centuries, similar activities continued to be pursued, and instru

ments continued to be further refined. By the thirteenth century, the same 

fu)ul method itself, first invented in the first half of the ninth century, was 

itself refined as well, and another new method was developed that required 

solar observations to be taken at only three points on the ecliptic instead of 

four, and only two of the observations had to be diametrically apart.21 

Subtler Observations 

Other mistakes that were found in the Almagest were slightly more sophisti

cated in nature, and were not apparently immediately noticed as the text of 

the Almagest was first translated into Arabic. Two examples of such mistakes 

should suffice at this point. 

The first of these has to do with a statement made by Ptolemy in connec

tion with the relative apparent sizes of the two luminaries as they affect 

eclipses.24 At that point Ptolemy does not only say that the apparent size of 

the solar disk appears to the observer on the Earth to be just as large as the 

lunar disk when the moon was at its greatest distance from the Earth, but 

that it was always so and that it did not exhibit any change in size for the 

same observer. Of course when the moon was closer to the observer, there 

was no question of its relative size with respect to the solar disk for then the 

duration of solar eclipses would settle the point. But the occurrence of annu

lar eclipses, a phenomenon not even mentioned by Ptolemy, would cer

tainly provide a counter example to the Ptolemaic statement. Such annular 

eclipses could then demonstrate that when the moon was at its farthest dis

tance, its apparent size was still smaller than that of the sun, otherwise the 

sun would not appear like a ring around the disk of the moon during such 

annular eclipses. In his Taf:zr!r, Tfisi (d. 1274) singled that phenomenon out 

and supplied records of more recent observations that actually documented 

such annular eclipses.25 He went on to say further that the apparent solar 

disk itself was not in fact fixed, as Ptolemy had maintained, but that it 

changed in size. And that change could be detected by calculations of the 

various durations of eclipses at various relative positions of the luminaries. 

The same conclusion was reached a century or so later by Ibn al-Shatir 

(d. 13 75) of Damascus, who even went as far as calculating the variations in 
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the apparent size of the same solar disk, and was forced to construct a math

ematical model describing the motion of the sun in order to accommodate 

those fresh calculations that he probably based on his own detailed analysis 

of eclipses.26 We shall have occasion to return to the analysis of this con

struction by Ibn al-Shatir when we discuss the alternative solutions that 

were given to such Ptolemaic problems during Islamic times. 

The second example of sophisticated but subtle mistakes that were found 

in the text of the Almagest involved the mathematical configuration that 

was described by Ptolemy in connection with the movements of the moon. 

In that specific configuration, which gave Ptolemy a considerable amount 

of trouble before he settled on a final version of it [Almagest V, 5-10] ,  

Ptolemy had to concoct a crank-type mechanism that could account for the 

variation in the second equation of the moon from a value of about 5 ; 1  °, 

when the moon was in conjunction or opposition with the sun, to about 

7;40°, when the moon was at quadrature from the sun (i.e. some 90° away 

from the solar mean position). The Ptolemaic mathematical model worked 

reasonably well when it came to predicting the position of the moon in lon

gitude. But as it was correctly observed by the same Ibn al-Shatir the model 

also "required that the diameter of the Moon should be almost twice as large 

at quadrature than at the beginning, which is impossible, because it was not 

seen as such lam yura kadhiilika."27 

Ibn al-Shatir was absolutely right in affirming that such a variation in the 

apparent size of the moon would result from the Ptolemaic model for the 

lunar motion. And because of his apparent reliance on his own newly con

ducted observations of eclipses, Ibn al-Shatir had to construct an alternative 

model for the motion of the moon that will also be discussed in the context 

of the solutions that were developed during Islamic times in opposition to 

those of Ptolemy. 

All of these corrections, new techniques, new solutions, and developed 

refinements would not have been generated had the astronomers who pro

duced them not read the Ptolemaic astronomical text with a critical spirit. 

Nearly all of the astronomical parameters that they had encountered in the 

Almagest, proved fundamentally defective, and a basic program of obser

vation was needed to correct them. What seems to have happened in this 

early period is exactly that, for we hear of one astronomer after another all 

attempting to negotiate a way out of the difficulties that the Almagest had 

confronted them with. The resulting body of literature that they produced 
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in response, whether in treatises devoted to the subject of methods of obser

vation, or in the production of new astronomical tables called mumtal;lan 

(verified), or the like, could all be regarded as the logical results of that crit

ical approach with which those early astronomers received the Greek scien

tific masterpieces. At the same time, this new literature could also be seen as 

a by-product of the clear desire to establish more reliable parameters for the 

new field of astronomy that was then emerging; parameters that would 

eventually be far superior to the ones that gave rise to the problems embed

ded in the Almagest. 

Critiques and correction of fundamental parameters and critiques of the 

methods that produced them were not the only things that led the receiv

ing culture to negotiate the difficulties encountered in the Ptolemaic text. 

One section of the Almagest, Books VII and VIII, dealt specifically with con

stellations and descriptions of constituent stars that the receiving culture 

had some experience with; although it did not seem to have had the com

paratively systematic tabulation of such stars. But in this domain we still 

lack substantial information about the events that took place during this 

early period. What can be asserted, however, is that some modifications of 

the Greek text did already take place on the occasion of the various transla

tions themselves, where alternative names were given to constellations 

either in addition to the ones that were being translated from Greek or to 

replace them altogether. 

By the tenth century, the literature on the fixed stars began to generate 

two competing traditions of its own: One was directly derivative from the 

Greek, and was thus recorded in astronomical handbooks and the like, and 

of course perpetuated in the various translations of the Almagest and the 

books that derived from them. While the other tradition was represented 

by a whole host of texts devoted to anwa' literature28 that can best be char

acterized as being concerned with the utility of the risings and settings 

of constellations for agricultural purposes and for the general purposes of 

daily life. This latter tradition approached the subject from a native Arabic 

background by drawing on the native sciences and the native knowledge 

of the constellations known from the widely read Arabic literary sources 

themselves. 

Here again one could detect the opposing camps splitting along lines sim

ilar to the ones discussed above: There were those who favored reliance on 

the non-Arab "ancient" sciences, and were themselves identified as higher 
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government bureaucrats, and those who preferred to rely on the ways of the 

Arabs in the non-governmental or lower bureaucratic circles. As a result an 

enormous literature began to be written on the subject of the stars. And 

because of the various traditions it involved, the same body of literature 

begged for systematization. 

It was 'Abd al-RaQ.man al-Sufi (d. 986) who undertook that job by produc

ing a masterpiece on the constellations that was not surpassed until modern 

times. His book Suwar al-Kawiikib al-thiibita (Figures of the Fixed Stars) did 

not only include a general background description of each constellation and 

its constituent stars in both the Greek and the Arabic traditions, identifying, 

whenever possible, the multiple names given to the same star or groups of 

stars, but included as well systematic tables of longitude, latitude and mag

nitude of the individual stars themselves. This text, which is available only 

in a preliminary edition from Hyderabad,29 has never been studied in any 

detail . l0 But even a casual reading of it reveals that it contains lengthy dia

logues with the Greek tradition, particularly expressed in terms of objec

tions to the Ptolemaic received text. One cannot help but notice the many 

occasions when Sufi would say that this or that star or constellation is such 

and such according to Ptolemy, but I say it ought to be this or that, and the 

Arabs, in contrast, say this about it.31 On account of its deliberate compre

hensiveness, and probably on account of its authoritative standing as the 

standard reference book on the constellations that it must have become, 

this text lent itself to royal patronage production, and copies of it were so 

beautifully illustrated that many of them are still considered among the 

chefs d' oeuvres of Islamic art.32 

Mathematical Reconstruction of the Almagest 

Two other types of criticism that were directed at Ptolemy's Almagest, also 

need to be mentioned in this context, although they touch on slightly dif

ferent issues from the ones that have been discussed so far. This group of crit

ical ideas did not touch the issues of mistakes in the Almagest per se, as was 

done before. Rather it touched upon two other areas of the text where it 

could stand some updating: First, there was the criticism that could be clas

sified under the heading of attempts to update the text of the Almagest, i.e. 

bring the mathematical approaches deployed in the text into par with the 

current mathematical knowledge of the time. For example, the very famous 
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mathematical theorems that were used at the beginning of the Almagest to 

set up a trigonometric system that was used throughout the text, employed 

the classical Greek spherical trigonometric theorem which used chord func

tions as was done, for example, by the Menelaos theorem.n To his exposi

tion of the theorem, and his proof of it, Ptolemy attached a chord table in 

order to facilitate the following computations in the rest of the book. It was 

this material that became an obvious target of the various revisions in early 

Islamic times. And that should have been expected, since by then the 

astronomers who were reconstructing the discipline of astronomy had at 

their disposal an almost fully developed trigonometric system of sines, 

cosines, tangents, and the like. In addition, this system was already fully 

embedded in the receiving culture into which the Almagest was being trans

lated, and at times could very comfortably co-exist with the inherited Greek 

chord system with its comparative clumsiness for everyone to see. 

From the translators themselves we would not know of the existence of 

this other field of trigonometry, which was itself unknown to the Greek tra

dition. But the various writers who were producing their own astronomical 

works, as the Almagest was being translated, did not shy away from using the 

new trigonometric functions to describe the same phenomena that were 

described in the Almagest. Of the several examples that can be cited regard

ing the use of the new mathematics to update the text of the Almagest, by 

far the best one comes from a slightly later period, around the middle of the 

thirteenth century. In Tilsl's Tal)rzr al-majistz (Redaction of the Almagest), 

already mentioned before, that was written in 1 247, Tilsl approached this 

section of the Almagest in the following fashion. After concluding his expo

sition of the Almagest's table of chords, he went on to make the following 

remark: "I say, since the method of the moderns, which uses the sines at this 

point instead of the chords, is easier to use, as I will explain below, I wish to 

refer to it as well."34 He then went on to give a spherical sine theorem equiv

alent to that of Menelaos and affixed to it another configuration using the 

tangent function instead of the sine. He concludes that section by produc

ing tables for sines and tangents to complete the mathematical and trigono

metric tools for the rest of the book. 

This updating of the Almagest, although not stressed often enough in the 

literature, is of crucial importance to understanding the life of the Alma

gest in the Islamic domain. And when we juxtapose this treatment of the 

Almagest text in the later centuries with the independent works of someone 
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like I:Iabash al-I:Iasib from the ninth century, in which we see these trigono

metric functions used so freely as we shall soon see, we can then clearly 

appreciate the immediacy of the Almagest text to the practicing astron

omers, and clearly see their willingness to merge its contents with the kind 

of astronomy they were already practicing. 

In a parallel development, and this was also to be expected, one finds 

those same astronomers, using the results of the Almagest, at times, when

ever they thought that those results were still valid, while at other times they 

would reject them completely in favor of new ideas of their own. This mul

tiplicity of approaches to the Almagest text can only signal the very vital 

reactions it must have created within the receiving culture of early Islamic 

times. But one should also remember that at all instances this very vitality 

produced an Almagest text that was considerably enriched by the process. 

Returning to the earlier astronomers, such as I:Iabash al-I:Iasib (fl. ca. 850) 

in particular, who produced their own independent zzjes (Astronomical 

Handbooks), that were only constructed in the tradition of Ptolemy's Handy 

Tables, we find that they too have also used the most recent and fully devel

oped trigonometric functions in those works.35 

Looking at the complete picture of that period, and after examining the 

scientific sources themselves, one can begin to see a process in which one 

finds that as soon as the Greek scientific texts were being translated, they 

were also being immediately updated by the currently known material and 

put to use in new compositions, all in order to improve the kind of science 

that was then produced. l6 

The second type of intervention in the text of the Almagest, had less to do 

with updating it mathematically or correcting its errors as we have already 

seen. Instead it was more like reconstructing it or re-editing it so that it 

would become more useful for students of astronomy. In this regard great 

liberties were taken with the text, feeling completely free to add to it and 

delete material from it, all in order to make it a more up-to-date functional 

text. 

The best illustration of this type of intervention is also exemplified by 

TUsi's Tal:zr!r, which was mentioned before and in which one finds a new 

treatment of some chapters of the Almagest, such as Almagest X,7, where 

Ptolemy used an iterative method to compute the eccentricity of one planet 

and then repeated it in great detail for each of the other planetsY Instead of 

the Ptolemaic approach, Tiis1 adopted a new technique of explaining the 
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method in great detail in the case of one planet and then generalizing it to 

the others without repeating it in every case. 

I mentioned the corrections TU.si had introduced in the same text regard

ing the apparent size of the solar disk, and the counterexample of the annu

lar eclipses that were apparently unknown to Ptolemy. I also mentioned the 

correction of other factual errors, including errors in the rate of precession, 

the inclination of the ecliptic, and the motion of the solar apogee, as well as 

the development of the methods of observations like the introduction of the 

fu�ul method. In all those instances, we find the text of the Almagest criti

cally reviewed and updated before it could become useful to the receiving 

culture. Far from being a model to be followed, although one could argue 

that it was in some sense, it was more like a foundation to build upon, but 

only after making sure that it was a safe foundation and that its errors and 

contradictions had been already weeded out. There were other instances in 

which the text of the Almagest was also found wanting, but this time for 

much more fundamental considerations than the ones that have been dis

cussed so far. 

Cosmological Problems of the Almagest 

By considering only the factual corrections that have been discussed so far, 

one could easily arrive at the conclusion that the text of the Almagest would 

have become functionally serviceable once those corrections were adopted. 

The text would have been sufficient, for example, for practicing astron

omers and astrologers and no further elaborations of it would have been 

necessary. But with astrology and its practice facing a veritable resistance 

from the main intellectual centers of the society, especially the religious 

ones, and thus its relationship to astronomy being consciously severed by 

the theoretical astronomers who invented the discipline of hay'a as we have 

already seen, the purpose of the discipline of astronomy was apparently 

defined in a slightly more nuanced fashion. This purpose can best be seen if 

one reads the two most famous works of Ptolemy together. Those works are: 

the Almagest, where one finds a detailed account regarding the relationship 

between the observed phenomena and the construction of geometric pre

dictive models that explained the behavior of the planets at all times, and 

the Planetary Hypotheses, where one would find a detailed account of the 

celestial spheres that were made, in a true Aristotelian fashion, responsible 
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for the motion of those planets. By reading those two texts together, as most 

people did, once they became available in Arabic, some serious cosmologi

cal problems began to appear. Most of those problems focused on Ptolemy's 

violation of the most basic cosmological tenet of Greek astronomy: the uni

form circular motion of the planets around a fixed Earth located at the 

center of the universe. 

That the Earth was fixed at the center of the universe was undoubtedly at 

the core of that Aristotelian cosmology, so much so that if one did not have 

such an Earth one would have had to suppose the existence of such an Earth 

at the very center of heaviness around which everything else revolved. 38 The 

real challenge was to explain the apparent phenomena from within that 

cosmological vision, and still retain some predictability in the geometric 

models that described the planetary motions. 

From that cosmological perspective, the Almagest failed at almost every 

count. While there is the Ptolemaic pretense that the universe, which was 

being described, was an Aristotelian universe, within which all the Aristo

telian elements were to be found as the building blocks of that universe, 

yet at every juncture the Almagest described situations that were physi

cally impossible when looked upon from the perspective of the Planetary 

Hypothesis that emphasized that Aristotelian cosmology. It is this inconsis

tency between the mathematical models constructed in the Almagest to 

account for the motion of the planets, and the physical objects those mod

els were supposed to represent that I have so often referred to as the major 

problem of the Greek astronomical tradition.39 

Because these inconsistencies are of a completely different nature than 

the ones that were touched upon before, and because they were a direct by

product of the application of Aristotelian cosmology, some people have 

referred to them as philosophical problems. As a result they tried to read the 

Almagest as divorced from that same cosmology that was wholeheartedly 

adopted in the Planetary Hypotheses, the text that was supposed to comple

ment the Almagest, which it followed. And yet these inconsistencies were 

perceived as touching the very foundation of science; in the sense that 

science should not harbor contradictions, as Ptolemy seems to have allowed 

it to do, between the physical side of the science and the mathematical rep

resentation of the same physical universe that was being described. 

One can only assert that such problems were philosophical problems, if 

one were to think of them only in the medieval sense of natural philosophy, 
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where such cosmological issues were properly discussed. But they also did 

matter to the scientists who were also trying to make sense of the physical 

phenomena around them, and who would have demanded that their scien

tific disciplines did not contradict each other. In that sense, those problems 

became real scientific problems, and did not remain only in the domain of 

philosophical speculation. 

Take, for example, the physical spheres that were supposed to constitute 

the Aristotelian universe, and which were simply represented by circles by 

Ptolemy in the text of the Almagest. If one were to limit himself to philo

sophical speculations only, then those spheres would pose no serious prob

lem if they were understood as mere mathematical representations that had 

no connection to reality. But if at the end of the day one used those spheres 

to account for the motion of planets and used them to predict the positions 

of those planets for a specific time, then one had to face their reality in a 

much deeper sense than is already admitted. And when that reality was 

reiterated in the Planetary Hypotheses, the contradictions became much 

more serious. Again, there would be no problem if one were only using those 

models of spheres to compute positions of planets only. But when one says 

that those spheres were actually physical in nature, in the Aristotelian sense 

of physical, it would become then impossible to think of them, for example, 

as being able to move uniformly, in place, around an axis that did not pass 

through their centers. 

This was the most important impossibility in the whole of Greek astron

omy, or at least it was so perceived. Such glaring absurdities that were 

embedded in almost every model of the Almagest could not pass unnoticed 

by astronomers, who were not only being watched over by their opponents 

in the society, who in turn did not want them to bring those "ancient" sci

ences into the Islamic domain in the first place, but they were also being 

watched by their own fellow astronomers who definitely believed, as al

J:Ia j jaj must have done, that they could outsmart their fellow astronomers if 

they could cleanse the imported system from those blemishes. 

That people were really thinking along those lines is best illustrated by 

one of the earliest texts to address the sheer physicality of the spheres: the 

text of Mul)ammad b. Musa b. Shakir (d. 873), who was not only one of 

the major patrons of the translation of Greek scientific and philosophical 

texts, but was also himself a scientist in his own right. In his capacity as a 

practicing scientist, he devoted a treatise to the absurdity of assuming the 
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existence of a ninth sphere, as Ptolemy had done. According to Ptolemy that 

last ninth sphere was responsible for the motion of the eighth sphere, which, 

in turn, carried the fixed stars. And yet Ptolemy had both spheres share the 

same center of the universe. The problem was then reduced to the impossi

bility of having two concentric spheres move one another without assum

ing a phenomenon like friction, which could not be allowed in the celestial 

realm of the Aristotelian universe where celestial spheres, by their very ethe

real nature, did not allow friction to take place.40 

That Ptolemy himself was thinking along the same lines is evident from 

the preface of the Almagest, where he says that the celestial motions should 

not be compared to the motions that we observe around us, for they 

belonged instead to some form of a deity. To which one could respond: if 

that were the case, and if the deities were responsible for the motion of the 

planets, then there would be no need for the science of astronomy, nor 

would there be any need for scientific observations, for who are the humans 

who could predict the behavior of deities? The readers of the Ptolemaic texts 

in their Arabic translation saw a different world, and could not simply resort 

to such whimsical deities in the midst of a competitive society that was 

watching every step they took. 

This incompatibility between the mathematics of the Almagest and the 

physics of the Planetary Hypotheses would not have been noticed had those 

two books not been read together. And in the tense environment in which 

they were thrust their coming into conflict with one another was simply 

unavoidable. In addition, if one were to remember that those problems 

were being raised by Mul)ammad b. Musa b. Shakir toward the middle of 

the ninth century, when the first translation of the Almagest by al-I:Iaj jaj  

was barely two decades old, and the translation of Isl)aq b. IJunain (d. 9 1 1) 

had not yet taken place, one can then begin to appreciate the sophistication 

with which the Greek astronomical tradition was being received as it was 

being translated, a sophistication that could not be explained by the classi

cal narrative. Furthermore, it is a kind of sophistication that could only 

come from this comprehensive understanding of the Greek philosophical 

tradition, where cosmology was read together with observational science, 

a reading that was nowhere to be found in any other civilization up till 

that time. 

In later centuries, as other contradictions began to appear, further sophis

tication began to be necessary. But all the basic problems still focused 
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around this major issue of the lack of consistency in the imported Greek 

astronomical tradition. In a word they still dealt with these foundational 

issues of science. 

Once those issues were widely recognized by the various sectors of the 

society, they began to develop a tradition of their own. The various treatises 

that began to appear in the later centuries, and in which those issues were 

recounted, began to constitute a scientific genre of their own normally 

referred to with such titles as Shukilk (doubts) . And because of the social 

dynamics within which those doubts were expressed, they were by no 

means restricted to the field of astronomy alone. 

The similar text by Abu Bakr al-Razi (Latin Rhazes, d. 925) called al-Shukuk 

'alii Jiifinils (Doubts Against Galen), falls in this category as well, and with it 

we can easily detect a general cultural trend that has yet to be elaborated. 

Only skeletal sketches of these developments and of the major issues that 

were raised in those texts could be attempted at this time. Of course the 

astronomical tradition still received the lion's share of those discussions, 

and can only be used here as a representative model of the other discussions 

that were obviously taking place in the other disciplines. 

The Astronomical Shukiik Tradition 

If one were to disregard the earlier objections to the Ptolemaic observational 

parameters, or even the cosmological questions by Mul)ammad b. Musa b. 

Shakir, just mentioned, as early expressions of doubts that had not yet devel

oped into a genre of their own, then one will have to say that the genre was 

born with Razl's book, which was expressly called Shukilk, despite the fact 

that in the case of Razr his book was restricted to medical and philosophical 

doubts. Astronomical Shukuk were soon to follow, even though they seem to 

have taken a slightly different route. 

During the eleventh century, possibly in the latter half of that century, an 

Andalusian astronomer, whose name is yet to be identified, has left us a trea

tise called Kitiib al-Hay'a (A Book on Astronomy), which is still preserved in 

an apparently unique copy at the Osmania library at Hyderabad (Deccan, 

India). In this treatise the author had several comments to make about the 

problems in the received Greek astronomy. But almost every time he made 

such comments he would quickly say that he had gathered those problems 

in a book that he called al-Istidriik l 'alii Batlamyils] (which could be freely 
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translated as: Recapitulation Regarding Ptolemy) . This book has yet to be 

located. But from the context in which it is mentioned, and the problems it 

seems to refer to, it sounds like it was of the same nature as the other shukiik 

texts under discussion.41 

In the east, and around the same time, Abu 'Ubayd al-]Uzjan1 (d. ca. 1070), 

the student of Ibn Sina (Latin Avicenna d. 1037), also left us a small trea

tise On the Construction of the Spheres. In this treatise he mentioned that he 

had discussed with his teacher, Ibn Sina, the famous Ptolemaic absurdity, 

which was by then known as the problem of mu 'addil al-maslr (Equator of 

Motion, or equant for short).42 The fact that both such texts existed, one 

from Al-Andalus, the farthest western reaches of the Islamic world at the 

time, and one from Bukhara, the farthest east, and the fact that the second 

text comes from the philosophical circle of Ibn Sina and not from the circle 

of astronomers and mathematicians, could only mean that the cosmologi

cal issues that were perceived to have plagued Ptolemaic astronomy were by 

then circulating in widespread intellectual and geographical circles; they 

were no longer restricted to the elite of astronomical theoreticians. The 

equant problem itself, which had the longest staying record, is none other 

than the physical absurdity of proposing that a physical sphere could move 

uniformly, in place, around an axis which did not pass through its center. 

This absurdity permeated almost all of the models, which were proposed in 

Ptolemy's Almagest. What the texts of al-Andalus and Bukhara suggest is that 

by the eleventh century that proposition was apparently widely recognized 

as a physical impossibility. 

In his own rather humorous story Abu 'Ubayd informs us that when he 

discussed the proposed solution for this Ptolemaic absurdity of the equant, 

with his teacher Ibn Sina, he was told by Ibn Sina himself that he had also 

resolved it, but refrained from giving out the solution in order to urge the 

student to find it for himself. In the very next sentence the student went 

on to say that he did not believe that his teacher had ever resolved that 

problem. 

The anecdote, legendary as it may be, is still indicative of the kind of prob

lems those custodians of the "foreign sciences," the philosophers in partic

ular, were competing to solve, and the challenges they were facing, as well 

as the fame they hoped to acquire if they could rid the Greek astronomical 

tradition of its absurdities. The anecdote also indicates that if the philoso

phers were already aware of this joint reading of the Ptolemaic texts (the 
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Almagest and the Planetary Hypotheses) in which such problems would arise, 

this must mean that the astronomers were obviously much more deeply 

entrenched in that perspective. And the debates of the latter must have 

informed the former. 

For the good fortune of the astronomers, it also appears that their debates 

over such kinds of issues were socially condoned. They did not only tran

scend their circles to reach the circles of the philosophers, but they probably 

also gave rise to the likelihood of rebutting the incoming Greek tradition 

altogether, since they were being critical of it. 

Such discussions had no direct bearing on the other more socially con

troversial perception of the Greek tradition: its willingness to harbor those 

astrological sciences that were not as widely accepted as the theoretical 

critiques seem to have been. For our immediate purposes, however, it is 

important to document the tradition of the critiques themselves in order to 

demonstrate the sophistication of that tradition, and its wider implication 

on the very formation of Islamic science. 

Again in the same century, and still in the east, we find the prolific poly

math and famous astronomer Abu al-Rai!;an al-Birunl (d. ca. 1048) who also 

had something to say about the physical absurdities of the Ptolemaic sys

tem. This, despite the fact that Blrunl's main astronomical production was 

really geared toward the mathematical observational part of astronomy and 

paid much less attention to the cosmological aspects of the discipline. In his 

lbtiil al-buhtiin bi-Iriid al-burhiin (Disqualifying Falsehood by Expounding 

Proof), which seems to have been lost but which was quoted by the astron

omer Qutb al-Dln ai-Sh1raz1 (d. 1 3 1 1) ,  Blrunl had this to say about the Ptole

maic description of the latitudinal motion of the planets: "As for the motions 

of the five epicyclic apogees in inclination, as it is commonly known, and 

is mentioned in the Almagest, those would require motions that were appro

priate for the mechanical devices of Banu Musa, and they do not belong to 

the principles of Astronomy."43 That was Blrunl's polite way of saying that 

Ptolemy's discussion of the planetary latitudes was not astronomy proper, 

and that it amounted to nothing. Such was the extent of criticism of Ptol

emy, even by people who had a vested interest in defending him against 

his detractors. And yet they could not remain silent about the Ptolemaic 

absurdities, probably because they apparently felt that they had a greater 

interest in competing amongst themselves by demonstrating that they 

could outsmart Ptolemy. 
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The best-preserved and most elaborate text in the genre of shukuk was 

a criticism of Ptolemy that was leveled by another polymath, by the name 

of Ibn al-Haitham (d. ca. 1040 Latin Alhazen), who was also a contempo

rary of the astronomers mentioned above, and whose work on Optics was 

the only work that was known in the Latin West and which earned him his 

well deserved fame. His critique of Ptolemaic astronomy is contained in an 

Arabic text which has survived, but which was apparently never translated 

into Latin. The text in question is his extensive al-Shukuk 'alii Batlamyus 

(Dubitationes in Ptolemaeum) [Shukilkl, 44 in which he took issue with several 

of Ptolemy's works in which he found fault. 

The three Ptolemaic works in question included the Almagest, the Plan

etary Hypotheses, and the Optics. Their mere grouping is a clear indication 

that those works were read together, in a comprehensive manner, and not 

in isolation as is sometimes claimed.45 For Ibn al-Haitham, the common 

thread that connected the three books together is that they all contained 

problems or doubts (shukuk) that revealed contradictions that could not be 

explained away (Iii ta 'awwul fThii) .46 This phraseology also indicates that 

every effort was already made to give Ptolemy the benefit of the doubt. 

Problems were obviously explained away wherever that was possible,47 and 

only those absurdities that could not be justified were attacked. Ptolemy's 

books were taken up in the following order: the Almagest, which had the 

lion's share, to be followed by the Planetary Hypotheses, and then the Optics. 

In the sequel I will take a few select examples from this treatise in order to 

illustrate the kind of issues that attracted the attention of Ibn al-Haitham. 

In his critique of the Almagest, Ibn al-Haitham passes very quickly over 

the early chapters of that book, and commences the real critique with the 

Ptolemaic description of the model for the lunar motion. In it Ptolemy 

assumes that the motion of the moon, on its own epicycle, is measured from 

a line that passes through the center of the epicycle, but is directed, not to 

the center of the world, around which the motion of the epicycle itself is 

measured, nor to the center of the sphere that carries the epicycle, called the 

deferent, but to a point, called the prosneusis point (nuqtat al-mu/:tiidhiit) by 

Ptolemy. In the Ptolemaic model, this point falls diametrically opposite to 

the center of the deferent from the center of the world. In his overall assess

ment of this model Ibn al-Haitham clearly said that it was basically fictitious 

and that it had no connection to the real world it was supposed to describe. 

He singled out the soft spot in the model with the following remark: "The 
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epicyclic diameter is an imaginary line, and an imaginary line does not move 

by itself in any perceptible fashion that produces an existing entity in this 

world."48 Furthermore: "Nothing moves in any perceptible motion that pro

duces an existing entity in this world except the body which [really] exists in 

this world."49 Later on, he went on to affirm once more: "no motion exists 

in this world in any perceptible fashion except the motion of [real] bodies." 

And then he concluded this section by stating that a single epicycle could 

not possibly move the moon by its own anomalistic motion and at the same 

time move in such a way that its diameter will always be directed toward 

the prosneusis point. That would entail that a single sphere was supposed to 

move in two separate motions by itself, which was impossible. 

Books VI-VIII of the Almagest did not bother Ibn al-Haitham very much. 

Instead he moved very quickly to Book IX where the issue of the equant is 

discussed. In Almagest IX, 2, Ptolemy made the explicit statement that the 

upper planets moved in a uniform circular motion, just like the other plan

ets he had discussed before. But by Almagest IX, 5, Ptolemy had laid the 

foundation for the equant problem when he insisted that "we find, too, that 

the epicycle centre is carried on an eccentre which, though equal in size to 

the eccentre which produces the anomaly, is not described about the same 

centre as the latter. "50 

The point that Ptolemy was trying to make at that occasion was that the 

two spheres, whose combined motion was responsible for the motion of 

the planet, were distinct spheres: one, the deferent, simply carried the epi

cycle of the planet, and the second, taken to be equal to the deferent in size, 

was responsible for the uniform motion of the planet's epicycle, but explic

itly stating that the motion of the last sphere did not take place around the 

same center as the deferent. It was the center of the latter fictitious sphere, 

the sphere of uniform motion, that was later called the equant. In chapter 

IX, 6 of the Almagest, Ptolemy went on to describe much more clearly the 

equant center. There he defined it as a point along the line of apsides such 

that its distance above the center of the deferent was equal to the distance 

of the deferent's center from the center of the world. 

Moreover, the line connecting this equant point to the center of the 

epicycle, when extended, constituted the line from which the mean motion 

of the epicycle was measured. In effect, this said that the deferent sphere, 

which carried the epicycle, was forced to move uniformly around a center, 

now called the equant, other than its own center, which was physically 

impossible. 
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By then, Ibn al-Haitham seems to have obviously realized the seriousness 

of the problem, as his following statement indicates: "What we have 

reported is the truth of what Ptolemy had established for the motion of the 

upper planets; and that is a notion that necessitates a contradiction."5 1  This 

was in fact the contradiction between the physical reality of the celestial 

spheres and the mathematical model that was supposed to represent them. 

For as Ptolemy had accepted the uniform motion of the upper planets, the 

epicyclic centers of those planets were carried by deferents, which were sup

posed to move in this uniform motion. But with the equant proposition, 

one was told that the epicyclic center described equal arcs in equal times, i.e. 

moved uniformly, around a center that was not the center of the deferent 

that carried it. 

But by Ptolemy's own proof in Almagest III, if a body moved uniformly 

around one point it could not move uniformly around any other point. 

Therefore the epicyclic center, as stipulated by Ptolemy, must move non

uniformly around the center of its own carrier, the deferent. And since the 

equant sphere was a fictitious sphere, and thus could not produce any per

ceptible motion of its own, as was often repeated by Ibn al-Haitham, the 

only sphere that could produce a real motion was that of the deferent, and 

that was now proved to be moving non-uniformly around its own center. 

This contradicts the assumption of uniform motion that was accepted by 

Ptolemy in the first place, hence the contradiction that was realized by Ibn 

al-Haitham. The other alternative was to assume that the same physical 

sphere, the deferent, could move uniformly around an axis that did not pass 

through its own center which was physically impossible, for it was exactly 

the physical absurdity mentioned before. 

All the other models of the Almagest, except the model of the sun, which 

had problems of its own, shared this absurd feature of the equant. In the case 

of the moon, its epicycle too was also supposed to be carried on a deferent 

that moved in such a way that the epicyclic center of the moon did not 

describe equal arcs around its own deferent center, in equal times, but rather 

around the center of the world. That was in essence requiring a sphere to 

move uniformly around an axis that did not pass through its own center as 

well, which was exactly the point of the equant problem. 

Mercury's model, which was considerably more complicated than the 

other planetary models, shared this feature as well. There too, the deferent 

that carried the epicycle of Mercury moved in such a way that its motion was 

not uniform around the deferent's center but around a point that was along 
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the line of apsides half way between the center of the world and the center 

of another director sphere that carried the deferent sphere of Mercury. 

Furthermore, both in the case of Mercury as well as the case of the upper 

planets, Ptolemy did not even attempt to demonstrate how he arrived at the 

location of the equant. It was simply stated to occupy such and such a posi

tion without any further discussion as to why, or any proof, as would have 

been expected in a mathematical science such as astronomy. It was this issue 

in particular that gave rise to the question, which was raised by another 

Andalusian astronomer by the name of Jabir b. Aflal) (middle of the twelfth 

century) and was singled out in his own research. 52 

From all those Ptolemaic configurations, Ibn al-Haitham could draw only 

one conclusion: that they were all extraneous to the field of astronomy. This 

much was even admitted by Ptolemy himself in Almagest IX, 2, where he 

had stated, in no ambiguous terms, that he was using a configuration that 

was contrary to accepted principle (kharija 'an al-qiyas as in the Arabic 

translation of the text, or " not from some readily accepted principle" as in 

Toomer's translation of the Almagest) . From that admission, Ibn al-Haitham 

could then only conclude with a rebellious voice against the whole of 

Ptolemaic astronomy, articulated in the following terms: 

[Since Ptolemy] had already admitted that his assumption of motions along imagi

nary circles was contrary to [the accepted] principles, then it would be more so for 

imaginary lines to move around assumed points. And if the motion of the epicyclic 

diameter around the distant center [i.e. the equant] was also contrary to [the 

accepted] principles, and if the assumption of a body that moved this diameter 

around this center was also contrary to [the accepted] principles, for it contradicted 

the premises, then the arrangement, which Ptolemy had composed for the motions 

of the five planets, was also contrary to [the accepted] principle. And it is impossible 

for the motion of the planets, which was perpetual, uniform, and unchanging to be 

contrary to [the accepted] principles. Nor should it be permissible to attribute a uni

form, perpetual, and unchanging motion to anything other than correct principles, 

which are necessarily due to accepted assumptions that allowed no doubt. Then it 

became clear, from all that was demonstrated so far, that the configuration, which 

Ptolemy had established for the motion of the five planets, was a false configuration 

(hay 'a biitila), and that the motions of these planets must have a correct configuration, 

which included bodies moving in a uniform, perpetual, and continuous motion, 

without having to suffer any contradiction, or be blemished by any doubt. That con

figuration must be other than the one established by Ptolemy. 53 

This was not a criticism of Ptolemy. Rather, it was an extremely well

articulated condemnation of the very foundation of Ptolemaic astronomy 
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and an open call for its toppling in favor of an alternative astronomy that 

did not suffer from such contradictions. It did not only expose the fatal mis

takes and contradictions in Ptolemaic astronomy, but rose to the occasion 

of articulating a new set of principles upon which an alternative new astron

omy had to be based. 

Such attacks, articulated by various astronomers working in the Islamic 

tradition, did in fact constitute an essential shift in the very conceptualiza

tion of the new Islamic science that was being articulated. The new concep

tualization did not only condemn the Greek legacy, but laid the foundation 

for the new consistent science. In the new science, which was then born out 

of those attacks during Islamic times, physical objects would be, from then 

on, mathematically represented by models that did not deprive them of 

their physicality as was done by Ptolemy. 

Ptolemy's latitude theory, as expounded in the Almagest, did not fair any 

better. In it Ptolemy himself had expressed doubts about its exact workings, 

an admission that only encouraged Ibn al-Haitham to conclude: 

This is an absurd impossibility (mu(1iil fiil;ish), in direct contradiction with his [mean

ing Ptolemy's] earlier statement about the celestial motions-being continuous, uni

form and perpetual-because this motion has to belong to a body that moves in this 

manner, and there is  no perceptible motion except that which belongs to an exist

ing body. 54 

What Ibn al-Haitham was referring to was the seesawing motion of the 

inclined planes, which carried the epicycles of the lower planets of Mercury 

and Venus. That motion was also another impossibility that could not be 

tolerated by Ibn al-Haitham, and was simply dismissed as another grave 

error on the part of Ptolemy. Ibn al-Haitham's argument can be summarized 

as such: with such motions Ptolemy was forcing physical bodies to move in 

opposite motions, which was in itself physically impossible. 

Over and over again, Ibn al-Haitham returned to the vision of the new 

astronomy he would like to see-an astronomy based on the new principles 

of consistency between the physical reality of the universe we live in and the 

mathematics one uses to represent that reality. In the new astronomy, those 

two fields of science had to be constantly consistent, otherwise we would 

end up talking about imaginary motions as was done by Ptolemy: 

The contradiction in the configuration of the upper planets that is  taken against him 

[meaning Ptolemy] was due to the fact that he assumed the motions to take place in 

imaginary lines and circles and not in existent bodies. Once those (motions) were 

assumed in existent bodies contradiction followed. 55 
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Furthermore, Ptolemy knew very well that he was embracing such contra

dictions as he was quoted by Ibn al-Haitham to have said: "We know that 

the use of such things is not detrimental to our purpose, as long as no sig

nificant excesses are introduced on account of them."56 To which Ibn al

Haitham could only say: 

He means that the configuration that he had posited necessitates no excesses in the 

motion of the planets. This statement, however, should not be an excuse for assum

ing false configurations (hay at batila) that could not possibly exist. For if he assumed 

a configuration that could not possibly exist, and if that configuration anticipated the 

actual motions of the planets as he had imagined, that would not release him from 

the fault of having erroneously assumed such a configuration. For it is not permis

sible to stipulate the actual motions of the planets by a configuration that could not 

possibly exist. Neither is  his statement regarding the assumption of things that are 

contrary to the accepted principles, that they are only hypothetical and not real and 

thus are not detrimental to the motions of the planets, an excuse that would allow 

him to commit such absurdities (mul:zaliit) that should not exist in the configurations 

of the celestial bodies. Moreover, when he says that 'things that are posited without 

proof could have only been reached through some scientific mean, once they are 

shown to agree with the observable phenomena, even though it is difficult to describe 

the method by which they were reached' is a valid statement. By that I mean that he 

had indeed followed some scientific mean when he assumed what he assumed by 

way of configurations. Except that the mean that he had followed had led him to 

admit that he had assumed things that were contrary to (the accepted) principles. 

Once he knew that it was contrary to the principles, he had no excuse to assume it, 

saying that it was not detrimental to the motions of the planets, unless if he were pre

pared to admit that the real configuration was different from what he had assumed, 

and that he could not reach its essence. Only then would he be excused to do what 

he did, and it would be known that the configurations that he had assumed were not 

the real onesY 

In this long passage, Ibn al-Haitham leaves no doubt as to his real inten

tions. He obviously means that real physical bodies do exit in the universe 

and once that was assumed those bodies must be represented by mathe

matical models that did not violate their true physical nature, as was done 

by Ptolemy when he assumed the existence of an equant that would force a 

physical sphere to move uniformly, in place, on an axis that did not pass 

through its center. That was physically absurd in Ibn al-Haitham's new 

astronomy. 

In the larger cultural context, this passage also demonstrates the extent to 

which these cosmological debates began to influence the very foundation of 
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science; they allowed for the new requirement of consistency to be clearly 

demonstrated with such vivid examples from the field of astronomy. 

The timing of those remarks is also important, for they allow us to con

clude that the eleventh century, which has produced so many critiques of 

Ptolemaic astronomy as we have already seen, seems to have been the time 

when new research projects were launched, and new re-organization of 

the sciences on new conceptual grounds must have begun to take place. The 

appearance of the new disciplines of mlqiit, and farii'iq, soon after that or 

very close to that time, are only few of the features that must have charac

terized this period. Similar results can be derived from an analysis of the 

developments in the mathematical and medical disciplines, and those who 

work in those fields may also reach similar conclusions. For astronomy, this 

vigorous discussion of the foundations of science seems to have given rise 

to long-term developments whose repercussions eventually led to truly 

revolutionary results. Those results, in turn, led to the final overthrow of the 

Greek astronomical edifice. 

Returning to Ibn al-Haitham's critique of Ptolemy's Almagest, I will quote 

his conclusion at some length, not only because it draws the real demarca

tion lines of the new astronomy Ibn al-Haitham was calling for, but also 

because it demonstrates the utter dissatisfaction that was obviously felt with 

Greek astronomy. No one could possibly chart the contours of the new 

astronomy, or express the sentiments of dissatisfaction with the old, better 

than Ibn al-Haitham himself. In his own words: 

We must elucidate the method that was followed by Ptolemy for determining the con

figurations of the planets. That is, he had gathered together all the motions of the 

individual planets that he could verify with his own observations, or the observations 

of those who had preceded him. He then sought a configuration that could possibly 

exist for real bodies that moved with those motions, and was not able to achieve it. 

He then assumed an imaginary configuration with imaginary lines and circles that 

could move in those motions, even though only some of those motions could indeed 

take place in [real] bodies that moved in those motions. He was obliged to follow that 

route for he could not devise another. 

But if one were to assume an imaginary line, and made that line move in his 

imagination, it would not follow that there should be a corresponding line that 

would move in the heavens with that motion. Nor would it be true that if one imag

ined a circle in the heavens, and imagined a planet to move on that circle, that the 

[real] planet would [in fact] move along that imaginary circle. And if  that were so, 

then the configurations that were assumed by Ptolemy for the five planets were 
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false configurations, and that he had established them after he knew that they were 

false, for he was unable to obtain others. The motions of the planets, however, have 

correct configurations in [real] existent bodies that Ptolemy did not come to under

stand nor could he achieve. For it is not admissible that a perceptible, perpetual and 

uniform motion be found without it having a correct configuration in [real] existent 

bodies. This is all we have regarding the book of the Almage.1t.'" 

With this summary condemnation of Ptolemaic astronomy, Ibn al-Haitham 

was obviously setting the field of Arabic astronomy on completely new foot

ing. He could not stress any more forcefully the need for the consistency 

between the assumptions about the nature of the bodies that constitute 

the universe, and the construction of mathematical models for planetary 

motions that could represent those bodies without violating the very phys

ical reality of the spheres of which the world was supposed to be made. That 

is the most succinct statement of the principle of consistency that was to 

characterize the new astronomy from that time on. 

Put briefly, it should be clear that one does not accept a set of principles 

regarding the physical formation of the universe, and then develop mathe

matical models to illustrate the behavior of that universe in such terms that 

would contradict the very physicality of the objects that were originally 

accepted, or transform them so that they would no longer be recognizable. 

It is like assuming the world is made of a sphere and then for purposes of 

demonstrating how it moves one ends up representing the world with the 

mathematical figure of a triangle. 

Similar criticisms were also directed at the Ptolemaic texts in the earlier 

centuries, as was documented before, and some of them had hinted to this 

new approach of consistency between the physical world and its presumed 

behavior. But at no time before Ibn al-Haitham was this new understanding 

of the fundamentals of new astronomy so well articulated. 

The text of the Planetary Hypotheses did not fare much better in Ibn al

Haitham's estimation, and most certainly did not advance the new ways of 

thinking about astronomy. In contrast to the Almagest, where one could find 

excuses for Ptolemy and claim that he was talking about imaginary circles 

and lines, i .e. abstract mathematical models, and not about real physical 

bodies whose motions would entail the absurdities enumerated, in the case 

of the Planetary Hypotheses Ptolemy spoke of physical bodies explicitly. Thus 

the type of criticism advanced by Ibn al-Haitham became much more perti

nent with respect to that book. In addition, since the Planetary Hypotheses 
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was written after the Almagest, Ibn al-Haitham then took advantage of 

that chronology, and seized the opportunity to compare Ptolemy's thinking 

about the subject at two different stages of his scientific career and in two 

different works. He combed the second work, the Planetary Hypotheses, in 

order to determine if the absurdities of the Almagest had by then been 

resolved. 

Surprisingly, he found out that the problems became much worse. Instead 

of resolving some of the outstanding problems of the Almagest, Ptolemy 

added some new ones in the Planetary Hypotheses. 

Ibn al-Haitham went through both texts and produced a comparative list 

of spheres and motions that were described in the Almagest, and were now 

changed in the Planetary Hypotheses. While the configuration that was 

drawn for the sun remained the same in the two texts, and while the 

motions of the moon were nominally also the same, the motion that was 

described in the Almagest as producing the correction for the prosneusis 

phenomenon was not mentioned in the Planetary Hypotheses. In the case of 

Mercury only five of its motions that were mentioned in the Almagest were 

retained, and three were dropped. Similarly in the case of Venus, four 

motions were retained and three were dropped. The upper planets retained 

all the motions that were described in the Almagest and only the latitude 

motion around the small circles was dropped. But there were some more 

drastic changes made in the rest of the arrangement that Ptolemy had stip

ulated for the motion of the planets in latitude. 

After going through this comparative survey in some detail, Ibn al

Haitham reached the preliminary conclusion that the configurations that 

were described in the Planetary Hypotheses were different from those 

described in the Almagest, if for no other reason except that some ten 

motions were no longer mentioned in the new text and the motion in lati

tude was overhauled. To which Ibn al-Haitham says: 

This arrangement, which was detailed in the first treatise of the Planetary Hypotheses 

is contrary to the one that was proposed in the Almagest, and it is also contrary to the 

observed latitudinal motions of the planets to the north or to the south when they 

were close to their epicyclic apogee. Then it becomes evident that the configuration 

that is described in the first treatise of the Planetary Hypotheses is not only contrary to 

observation, but that it was also contrary to what he had established in the Almagest. 59 

After a thorough study of the various motions that were described in 

the Planetary Hypotheses, and their causes, Ibn al-Haitham found himself 
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quoting Ptolemy, in several passages, where Ptolemy would be caught say

ing that all those motions should be accounted for by real spherical bodies 

that were responsible for them. That left Ibn al-Haitham with one conclu

sion: that Ptolemy had explicitly committed himself to "finding for every 

motion that was mentioned in the Almagest a corresponding body that 

moved by that motion."60 

As for obvious contradictions, even in the same book, those were defi

nitely used as further fodder to support Ibn al-Haitham's thesis. To give just 

one example of the kind of issues Ibn al-Haitham emphasized, he noted 

that in the second treatise of the Planetary Hypotheses Ptolemy had said that 

motion by compulsion was not permissible in the celestial spheres, when 

he had already said in the first treatise that each one of those spheres would 

have a motion of its own and another one that was forced upon it.61 

As for the new physical bodies that were introduced by Ptolemy in the 

Planetary Hypotheses, namely the slices of spheres (manshurat) instead of 

the full spheres that were assumed in the Almagest, Ibn al-Haitham thought 

that the manshurdtwere a step in the wrong direction. For those slices in turn 

entailed "absurd impossibilities (muJ:zalat faJ:zisha), which are of two kinds: 

One takes place when the body empties one space to fill another, and the 

second when the body had to move in different and contrary motions."62 

In the case of the full spheres that were assumed in the Almagest, they at 

least entailed "only one kind of impossibilities, and that is the different and 

contrary motions, and did not entail the other, namely, the emptying of one 

space and filling the other. "63 The example of the spheres, which had to 

move in different and contrary motions, is mentioned once more in con

nection with the equant problem that was already faced in the Almagest. 64 

Ibn al-Haitham's attitude toward those spherical slices of the Planetary 

Hypotheses were echoed two centuries later, in the work of Mu'ayyad al-Din 

al-'Urqi (d. 1 266), who also said that, as far as those spherical slices were 

concerned, 

the impossibility that they would entail is even uglier (aqba�z) than that of the full 

spheres and more uncomely. For they would produce the same impossibilities men

tioned before, like their moving non-uniformly around their own centers, and in 

addition they would entail orbs that were not spherical, but rather disconnected dis

similar surfaces, which is an impossibility in the natural sciences.65 

Ibn al-Haitham had this to say about the motion in latitude, which Ptolemy 

had described in the Almagest by using a device of two small circles that 
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would move the epicyclic radii, a feature that was dropped in the Planetary 

Hypotheses: 

Then it becomes clear that Ptolemy was either in error when he disregarded the 

description of this configuration, or that he was wrong to establish this motion for 

the planets when he determined the latitudinal motion in the Almagest. 66 

Similarly, in the case of the inferior planets, Mercury and Venus, the small 

circles that were described in the Almagest to account for the motion of 

their epicycles in latitude, and which were now dropped in the Planetary 

Hypotheses had to lead to the conclusion that Ptolemy was either wrong in 

dropping them now, or in mentioning them in the Almagest in the first 

place. In whichever case, the treatment in the two books was contradictory, 

and that was one more obvious sign that the two books were read together. 

Toward the end of the second treatise of the Planetary Hypotheses, Ptolemy 

seemed to lean toward the belief that it was possible to think of planets that 

would move by themselves, i.e. not to require a sphere that would move 

them. Ibn al-Haitham documented such statements very carefully only to 

conclude that not even the motion of rolling (tadal:zruj) should be permit

ted. For then 

If Ptolemy could find it permissible that a planet could move by itself, without any 

body moving it, then that permissibility would make all the spherical slices as well as 

the spheres [themselves] invalid.67 

In essence, Ibn al-Haitham was saying if planets could exhibit all those 

motions on their own, without any bodies moving them, then all of those 

assumptions of spheres and slices of spheres and the like would be com

pletely superfluous. And here again 'UnJI adopted a similar attitude in his 

own critique of Ptolemy in a slightly different context: 

If one were to accept such impossibilities in this discipline (�intl'a), it would have been 

all in vain, and one would have found it sufficient to take only one concentric sphere 

for each planet, thus rendering eccentric and epicyclic spheres superfluous.68 

Ibn al-Haitham concluded his critique of Ptolemy's Planetary Hypotheses 

with the following statement: 

He [meaning Ptolemy] either knew of the impossibilities that would result from the 

conditions that he assumed and established, or he did not know. If  he had accepted 

them without knowing of the resulting impossibilities, then he would be incom

petent in his craft, misled in his attempt to imagine it and to devise configurations 

for it. And he would never be accused of that. But if he had established what he 
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established while he knew the necessary results-which may be the case befitting 

him-with the reason being that he was obliged to do so for he could not devise a bet

ter solution, and [yet] he went ahead and knowingly delved into these contradictions, 

then he would have erred twice: once by establishing these notions that produce 

these impossibilities, and the second time by committing an error when he knew that 

it was an error. 

To be fair, had all this been considered, Ptolemy would have established a configu

ration for the planets that would have been free from all these impossibilities, and he 

would not have resorted to what he had established-with all the resulting grave 

impossibilities-nor would he have accepted that had he been able to produce some

thing better. 

The truth that leaves no room for doubt is that there are correct configurations for 

the movements of the planets, which exist, are consistent, and entail none of these 

impossibilities and contradictions. But they are different from the ones that were 

established by Ptolemy. And Ptolemy could not comprehend them. Nor could his 

imagination attain their true nature.69 

By moving from the critique of the Planetary Hypotheses directly to the 

Optics of Ptolemy, Ibn al-Haitham did not only demonstrate that the Greek 

astronomical tradition was essentially flawed but that the other sciences, 

like optics, suffered from the same inconsistencies as well. This is a clear 

indication of the pervasiveness of this critical spirit in Islamic times, and 

confirms what was stated before about the social motivations for such cri

tiques that were by no means restricted to astronomy alone. Furthermore, it 

also demonstrates the extent to which the Greek scientific tradition itself 

was taken as a whole; and as a whole was criticized from various perspec

tives. But the concentrated critiques of the astronomical tradition, as was 

amply illustrated so far, must convince us of the need to consider this stage 

of Islamic astronomy as a new beginning for astronomy, in the sense that 

the need for a new astronomy had by then been clearly demonstrated. 

In order to illustrate the fecundity of our new historiographic approach, 

and appreciate the repercussions of such critiques of the Greek scientific tra

dition as the ones that were leveled by someone like Ibn al-Haitham, and 

against the expectations of the classical narrative that marks this period after 

the eleventh century as a period of steady decline, I now turn to some later 

critiques in order to demonstrate the longevity of that tradition, and to indi

cate the direction it continued to follow. Rather than preserve the Greek sci

entific tradition, these later critiques, to which we now turn, illustrate the 

pervasiveness of the attacks against it. 
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The astronomical developments that took place after the time of Ibn 

al-Haitham have special significance for another reason. Not only do they 

illustrate the continuity of the earlier critical tradition, but also demonstrate 

the kind of new questions that began to emerge, and the similarity between 

those questions and the ones that were raised later on during the European 

Renaissance. 

Na�Ir al-Din al-Tusi (d. 1274), who was mentioned before in connection 

with the various critiques of the Ptolemaic text of the Almagest, had his own 

doubts about the cosmological issues that have been raised so far. In his 

Ta/:lrlr al-majistl (completed in 1 247), he only criticized Ptolemy sporadi

cally. But in his later work, the Tadhkira (completed in 1 260), he devoted 

much longer sections to the cosmological questions and proceeded to for

mulate his own mathematical models to replace those of Ptolemy. We shall 

have occasion to return to Tusi's reformed models later. For now, and in the 

context of the encounter with the Greek tradition, the remarks he made in 

his Ta/Jrlr should give us an idea of his thoughts on the subject around the 

middle of the thirteenth century. 

By comparing Tusi's various works it becomes apparent that he began to 

ponder the importance of the cosmological issues for the first time when he 

was composing the Ta/Jrlr, a book that was devoted to the production of a 

useful, updated version of the Almagest, thus naturally offering an ideal 

occasion to voice his own reservations about the book he was re-editing. 

In the Ta/:lrlr, and while discussing the lunar model of Ptolemy, Almagest 

[V, 2] , Tusi concluded that section with the following remark: "As for the 

possibility of a simple motion on a circumference of a circle, which is uni

form around a point other than the center, it is a subtle point that should 

be verified."70 Doubtless, this is the same irregularity that was mentioned 

before in the context of the equant problem, i.e. the absurdity arising from 

the situation when a sphere is forced to move uniformly, in place, around 

an axis that did not pass through its center. 

Furthermore, in the case of the prosneusis point of the lunar model, Tiisi 

simply said: "This motion is similar to the motion of the five [planets] in the 

inclination and the slanting, as will be shown later on, except that that is a 

motion in latitude while this one is in longitude. One must look into the 

possibility of the existence of complete circular motions that would produce 

such observable motions [i.e. similar to the oscillating prosneusis motion of 

the epicyclic diameter.] Let that be verified."71 One could easily see how this 
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perplexity could have been at the origin of Tiisl's thinking, and which later 

led him to invent his famous mathematical theorem, now called the Tiisl 

Couple in the literature. The theorem itself achieved just that: an oscillatory 

motion produced by a combination of two circular motions. 

In fact the latitudinal motion of the planets shares many features with the 

motions of the lunar spheres, and in particular with the slanting of the pros

neusis point. That is, the oscillation of the axis, which marks the beginning 

of the epicyclic motion of the moon, is similar to the oscillation of the 

inclined planes of the lower planets. And it was this particular Ptolemaic 

theory of planetary latitudes that exhausted Tiisl's patience. He saved his 

sharpest criticism just for that notion. In a nutshell, Ptolemy accounted for 

the motion of the planetary inclined planes in latitude by suggesting that 

one could affix the tips of the diameters of those planes to a pair of small 

circles along which the tips of the diameters of the said planes would move. 

And as soon as he suggested those small circles he knew that he was not 

abiding by the accepted principles, as we hinted before, and thus felt that he 

had to justify his solution in the following manner: 11Let no one, consider

ing the complicated nature of our devices, judge such hypotheses to be over

elaborated. For it is not appropriate to compare human [constructions] with 

divine, nor to form one's beliefs about such great things on the basis of very 

dissimilar analogies. "72 To this, Tiisl could only say: 

This statement is, at this point, extraneous to the art [of astronomy] (khiirij 'an a/

�inii'a). For it is the duty of those who work in this art to posit circles and parts that 

move uniformly in such a way that all the varied observed motions would result as a 

combination of these regular motions. Moreover, since the diameters of the epicycles 

had to be carried by small circles so that they could be moved northward and south

ward, which also entailed that they would be moved as well from the plane of the 

eccentric [i .e.  the deferent] so that they would no longer point to the direction of 

the ecliptic center, nor would they be parallel to the specific diameters in the plane 

of the ecliptic, but they would rather be swayed back and forth in longitude by an 

amount equal to their latitude, that, is contrary to reality. One could not even say that 

this variation is only felt in the case of the latitude, and not in the longitude, because 

they are equal in magnitude and equally distant from the center of the ecliptic.73 

In the context of this very criticism of Ptolemy, Tiisl did not only redefine 

the function of the astronomer with respect to the observations and the 

mathematical methods with which these observations should be explained, 

but he went on to propose a new theorem that could resolve this specific 

predicament of Ptolemy. The new theorem, which was expressed in the 
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Talpir in a preliminary fashion only to be developed further into the just

mentioned Tiisi Couple later on in the Tadhkira, will be revisited in the 

sequel when we return to the context of the non-Ptolemaic models that 

were constructed for the specific purpose of formulating alternatives to 

Ptolemaic astronomy. 

Returning to the shukuk tradition, we note that about three centuries later, 

by the end of the fifteenth century, when the classical narrative had already 

preached the death of Islamic science, the problems (shukuk/ishkalat) of 

Ptolemaic astronomy continued to attract the attention of the working 

astronomer. In fact those very problems became so famous, and so wide

spread by then, that they were taken up on their own and made into sub

jects of individual works, in a manner reminiscent of the specialized Shukuk 

of Razi and Ibn al-Haitham almost half a millennium before. 

One such fifteenth-century work (of about forty folios in one manu

script) was composed by Mul)yf al-Dfn Mul)ammad b. Qasim, known as 

al-Akhawayn (d. ca. 1 500). The title of the work is simply al-Ishkalat fi 'ilm 

al-hay'a (Problems in the Science of Astronomy), and seems to have been 

taken from the first sentence of the book which followed the usual intro

duction. The sentence began immediately with the enumeration of the 

famous problems of astronomy. By al-Akhawayn's count, those problems 

were reducible to seven, and they were all to be found in the received Ptol

emaic astronomy. 

AI-Akhawayn's treatise began thus: 

Know that the famous problems relating to the science of astronomy (al-ishka/at f1 

'i/m al-hay'a) in regard to the configurations of the spheres are seven. The first is (the 

problem) of speeding up, slowing down, and mean motion . . . .  The second (concerns 

the appearance) of planetary bodies being sometimes small, and sometimes large. The 

third (concerns) the stations, retrograde, and direct motion . . . .  The fourth (con

cerns) uniform motion around a point different from the center of the mover. That is, 

when a mover moves another body in circular motion and the second body covers 

equal angles in equal times around a point other than the center of its mover. The fifth 

(concerns) a motion that is uniform around a specific point as it draws near to that 

point and moves away from it. The sixth (concerns) the slanting of the direction of 

the diameter of one sphere that is  moved by another sphere from the center of that 

sphere (meaning the moving sphere) . . . .  The seventh (concerns) the lack of complete 

revolutions among the celestial motions as will be explained in detaiJ.74 

Al-Akhawayn's advantage over Ibn al-Haitham, with whose Shukuk 

al-Akhawayn's treatise could be easily compared, lied in. the fact that 
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Al-Akhawayn could not only enumerate the famous problems of Ptolemaic 

astronomy, but by his time he could also offer solutions to them. Some were 

simple straightforward solutions already suggested in the Ptolemaic texts 

themselves. Others required much more ingenuity and were developed by 

later astronomers working in the Islamic civilization. Al-Akhawayn quoted 

both solutions when he could, but remained very brief, as if intending his 

treatise to be an introductory text for an advanced course on astronomy 

where the student's appetite would be only whetted by such problems and 

solutions and students would be urged to delve further in the more 

advanced texts. 

As a result, the treatise managed to summarize not only the status of the 

problems in Ptolemaic astronomy at this relatively late date, but gave 

account of the many solutions that had become famous on their own. Al

Akhawayn did not offer all the known solutions to every problem, but 

restricted himself only to a few, well chosen ones. He only selected from the 

enormous corpus of solutions that had already accumulated during the few 

centuries before his time. Modern research has already documented those 

solutions in some detail. But the ones that were preferred by al-Akhawayn 

clearly carried the earmarks of a personal touch that is usually encountered 

whenever an anthology is attempted. Without going into great details, as 

anthologies are prone to do, al-Akhawayn simply stated, but explicitly so, 

that some of those problems were particular to specific planets, and that one 

should not expect each of those problems to be found in all the planets for 

which Ptolemy had suggested a mathematical model. 

After a short introduction, al-Akhawayn devoted the rest of the treatise 

to a systematic exposition of the configurations of each planet, as given in 

the famous Ptolemaic astronomy, enumerated the number of problems 

that the specific configuration suffered from, and proceeded to give the 

solutions that he knew of. As such his treatise can be thought of as an inter

esting, simplified anthology of the kind of research that was done for 

almost half a millennium, and which was also focused on the shortcomings 

of Ptolemaic astronomy. As a result, one can simply say that by the six

teenth century there had accumulated a large corpus of critiques of, as well 

as alternative solutions to, almost all the major problems that plagued 

Ptolemaic astronomy. By the beginning of the sixteenth century, no self

respecting astronomer would have continued to uphold the long-discarded 

and obsolete astronomy of Ptolemy. 
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Nevertheless, for astronomers working at later dates, this astronomy was 

not completely forgotten. They continued to mention its major problems. 

But that should be read as a sign not of their intention to criticize Ptolemy 

in specific, but as an indication that the knowledge of such problems had 

become so widespread in the later centuries, as was stated before. By these 

later times, the discipline of astronomy itself, as it was reconstituted by the 

successive generations of critics, could no longer be pursued by seriously

minded astronomers without at least mentioning that such problems 

existed. 

In hindsight, it appears that the so-called age of decline, after the twelfth 

century, could be characterized as an age during which theoretical astron

omy, i.e. the pursuit of planetary theories, began to fork into two separate 

traditions. There were those who pursued the subject of the critiques them

selves, which formed by then a well established genre of astronomical 

writing. And there were those who attempted to remedy the problems of 

Ptolemaic astronomy and who constituted a tradition of their own: the tra

dition of reconstructing Ptolemaic astronomy rather than just satisfying 

themselves with its criticism. A good representative of the former group was 

Ibn al-Haitham himself who offered his elaborate and scathing critique of 

Ptolemaic astronomy and offered no alternatives of his own. And for that 

failure he was severely criticized, in turn, by the later astronomer 'Urql. 

It was not unusual to find astronomers attempting to resolve these prob

lems one at a time, rather than undertaking a whole reconstruction of 

Ptolemaic astronomy as was done by other astronomers such as 'Urqf 

and Ibn al-Shatir. In the fifteenth century, we find, for example, a good rep

resentative of the former group in the famous astronomer 'Ala' al-Oin 

al-Qushjf (d. 1474). He singled out one of the most notorious problems in 

Ptolemaic astronomy: the problem of the equant of Mercury, which could 

not be solved even by Tusi, as he himself had already expressly confessed in 

his own Tadhkira. In contrast, and as a step in the right direction, Qushjf 

confidently expounded the problem in great detail, and immediately fol

lowed that by offering one of its most elegant solutions, all in a short trea

tise of few pages.ls We will also have occasion to return to this solution in 

connection with the long tradition of alternatives that were proposed for 

the reformation of Ptolemaic astronomy. 

But as far as criticism was concerned, such specific attempts at isolating 

individual problems for treatment eloquently express the continued 



1 1 4  Chapter 3 

dissatisfaction with at least some aspects of the Ptolemaic tradition. And as 

isolated problems, they should be best understood as advanced research top

ics quite similar to our modern practice of devoting individual articles to the 

treatment of particular issues in advanced journals. 

Qushji's grandson, Miram c;:elebi (d. 1 524), who was an astronomer in 

his own right, and who was also the grandson of another distinguished 

fifteenth-century astronomer by the name of Qa<;!Izadeh al-Riimi (fl. 1440), 

left several astronomical works; some of them were direct commentaries on 

the more general works of his grandfather Qushji. In one of those com

mentaries, he stated explicitly that he was going to devote an elaborate sep

arate treatise to the problems of Ptolemaic astronomy, which he would 

call Dhayl al-Fatl;zzya (Appendix to the Fatf)zya), where the Fatf)zya itself, 

his grandfather's work, did not mention any such problems. Instead, it was 

a rather straightforward exposition of Ptolemaic astronomy. The occasions 

at which Miram mentioned the Dhayl were in connection with the prob

lems of the Ptolemaic configurations for the Moon and Mercury. But until 

the text of the Dhayl is located and studied its full contents still remain 

unknown.76 

The sixteenth century witnessed similar efforts by astronomers who 

mostly came from Persia. One of them was Ghiyath al-Din Man�iir b. 

Mul)ammad al-I:Iusaini al-Dashtaghi al-Shirazi (d. 1 542/3), who produced 

at least two works on planetary astronomy: al-Hay'a al-man�ilrfya (The Man

�iirf Astronomy), and al-Lawiimi '  wa-1-Ma arij (The Sparkles and the Ascen

sions), the second of which has not yet been identified. But in a third extant 

work, al-Saflr, he stated explicitly that he did not only criticize Ptolemy in 

those two earlier works, but that he even proposed new solutions for the 

Ptolemaic problems detailed therein, and spoke very flatteringly of the ones 

he produced in the Lawiimi :  Discussing the configuration for the Moon in 

al-Saflr, he said: 

The (fact that the) motion is uniform around the center of the world, rather than 

around its own center [meaning the center of the deferent], that is one of the prob

lems (ishkiilat) in this discipline . . . .  I have various other methods (for solving it), 

which I have explained in (the book) al-Hay'a al-man�urlya, and have also referred to 

(still) other marvelous methods in (the book) al-Lawami 'wa-l-ma arij.l7 

And while explaining the prosneusis problem in the saflr, he went on to say: 

"This prosneusis is also among the problems (ishkiiliit) . . . .  The truth (con

cerning) it is what I have established in al-Hay'a al-man�r"irzya, which shines 

with the sparkles (Lawiimi') of light. " 78 
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And in the course of discussing the equant problem in the configuration 

for the upper planets, he went on to say: "This too is among the problems 

(ishkiiliit), which al-Hay'a al-man�urlya is capable of solving."79 

With such explicit references, there is no doubt that this sixteenth

century astronomer was interested in pursuing the critical tradition that had 

already grown around the problems of Ptolemaic astronomy. But here too, 

unless his other two works are identified and studied in some depth, their 

actual contents and their real import still remain enigmatic and only spec

ulative at this point. 

Similarly, the Syrian astronomer Ghars al-Dln Al;mad b. Khalil al-I;Ialabl 

(d. 1563) voiced similar concerns in his telling treatise that he called Tanblh 

al-nuqqiid 'alii mii fl al-hay'a al-mashhiira min al-fasiid (Warning the Critics 

About the Faults of the Generally Accepted Astronomy). In it he even raised 

an issue that has not been raised so far in this discussion, but which will 

be taken up in the section dealing with the relationship between astron

omy and philosophy. For our current purposes, it is enough to signal that 

the issue itself expressed doubts regarding the permissibility of the eccen

trics that were used in the Ptolemaic configurations. In that context, Ghars 

al-Dln proclaimed: 

Since the generally accepted astronomy is not free from doubts (shukiik), especially 

those regarding the eccentrics, I have confronted them in this treatise, not in order to 

belittle the principles of this craft (i.e astronomy), but (to point to) slips where the 

intention did not match (the results), and to have that as a proof of what we have writ

ten (elsewhere) . . . .  "'' 

The fourth chapter of that treatise was devoted to the problems of the lunar 

configuration, and the treatise itself was dated to 1 5 5 1  A.D. 

The same century also witnessed the most extensive, ingenious and 

unparalleled works of Shams al-Dln al-Khafrl (d. 1 550), which combined 

both the critical tradition as well as the tradition of alternative constructions 

to Ptolemaic astronomy. Some of those works have already been subjected 

to some analysis by the present author, and we shall have occasion to return 

to them in the section dealing with alternatives to Ptolemaic astronomy.81 

The next century witnessed the production of the prolific scientist Baha' 

al-Dln al-'Amill (d. 1622), who did not seem to have confronted the Ptole

maic problems directly, as they do not seem to be especially mentioned in 

his treatise Tashrlf:z a/-afhlk. But his commentators did not observe such 

reserve. Instead they composed full texts of their own, or added marginalia 
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to 'Amill's text which was by then heavily read and widely distributed in 

schools, and thus continued to expose and indirectly popularize the faults 

of Ptolemaic astronomy. One of those commentators on al-'Amill's text 

added a marginal note in which he gave a quasi history of those faults and 

the people who had addressed them before. In one manuscript, the note 

reads: 

The first among the moderns who spoke about the solution of the insoluble (prob

lems) was al-Wai_1Id al-Jurjani, the student of al-Ra'Is Abu 'Ali Ibn Sina [sic., meaning 

'Abd al-Wal)id al-Juzjani] . He wrote a treatise, which he called Tarklb al-afliik (The 

Structure of the [Celestial] Spheres], and mentioned in it the models with which 

these problems (ishkii/iit) could be solved. After him came Abu 'Ali b. al-Haitham, 

then the inquirer Tusi, and then the learned Shirazi, who collected from his contem

poraries such as Mul_lyi al-Oin al-Maghribi-because the Principle of the inclined 

(a/-mumayyila/al-mumlla) is copied from him-, and then the excellent master 

Shams al-Oin Mul_lammad b. 'Ali b. Mul_lammad al-I:Iammadi (?). You should note 

that the statements of Abu 'Ubayd were very weak, and nothing could be solved with 

Ibn al-Haitham's words, as it was already stated in the Tadhkira by the inquirer Tusi. 

With the words of the inquirer (Tusi) himself, as we have copied their gist, the prob

lems of the porsneusis, Mercury's equant, and the latitudes of the cinctures (maniitiq) 

of the epicycles and the deferents could not be solved. As for the author of the Tu�1(a 

[i.e. Qutb al-Oin al-Shirazi] , he had elaborated too much. The master Mul_lammad 

al-Munajjim al-I:Iammadi composed a treatise, in which he claimed that these prob

lems (ishkiiliit) could all be solved with one hundred and forty spheres. He indeed 

established three principles, which were, in reality, erroneous. Anyone requiring 

(more information about) them he should seek them in a/-Ma 'iirij [part] of the 

Lawiimi ' of al-Man�lir!ya. 82 

This quasi-historical synopsis, despite its historical shortcomings, at least 

reveals two important trends: First, it signaled that there were people who 

were themselves interested in the history of astronomy, and second that 

the problems of Ptolemaic astronomy continued to be discussed after the 

middle of the seventeenth century when this note was probably written. In 

addition, it also reveals that the works of Dash tagh! had by then become the 

standard references, at least as far as the author of this marginal note was 

concerned. 

Historians of Arabic astronomy have not yet made any forays in the cen

turies that followed in order to determine the extent of criticism, if there 

was any, or to find out if the later astronomers continued to construct alter

natives to Ptolemaic astronomy. This particular research would be of the 

utmost importance, especially in light of the fact that in these later centuries 
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one would want to know how those astronomers dealt with the reception of 

modern post-Copernican astronomy in Islamic countries. Or whether the 

old Ptolemaic astronomy could still survive the onslaught of post Coper

nican astronomy. What little research has been done in this domain, i.e. in 

the domain of criticism of the natural philosophical underpinnings, reveals 

that during the latter part of the nineteenth century there were still those 

who defended Ptolemaic astronomy against its detractors, when the detrac

tors had by then adopted the alternative Copernican and more modern 

astronomy.KJ 

Theoretical Objections 

Finally, there were objections of another kind: more theoretical in nature, in 

the sense that they addressed such theoretical issues that touched upon the 

very foundations of all scientific activities and were not only restricted to 

astronomy. And there were those who proposed new mathematical models 

to account for the same observations of Ptolemy, without explaining their 

motivations. But their alternative works can only mean that they were dis

satisfied with the existing Ptolemaic models, and thus their activity must be 

perceived as an objection in itself. So when we come to survey the various 

alternative models that were proposed to replace the Ptolemaic ones, one 

could read that survey as an elaborate statement of theoretical objections to 

Ptolemaic astronomy as well. 

Others raised further theoretical questions that could be read together 

with the philosophical questions that will be touched upon later on as we 

discuss the relationship of science to philosophy in the case of astronomy. 

In the present context of the encounter with the Greek tradition those ques

tions gain a special significance as they touched upon the philosophy of 

science in a more focused sense. That is they tried to determine the domain 

in which one astronomer was justified in raising objections to the work of 

another. What was it exactly that one was allowed to object to, and what 

kind of evidence one was required to bring to the argument in order to make 

the case? What was the role of the observations in astronomy and what was 

an acceptable account of them? For this type of questioning the best repre

sentative was the Damascene astronomer Mu'ayyad al-Din al-'Urqi, whose 

name was mentioned several times already. In his extensive treatise, Kitiib 

al-Hay'a,84 which could be read in its entirety as a comprehensive statement 
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of objections to Ptolemaic astronomy, he isolated such issues in particular 

when he attempted to reform, for example, the proposed Ptolemaic config

urations for the planet Mercury. After enumerating the various spheres, 

their motions, and their relative positions with respect to one another, he 

went on to say: 

The conditions resulting from the observations just mentioned-! mean the ones 

from which these conditions are known-are only the motions of the deferent's 

apogee and perigee. As for the directions of these motions, these were not necessitated 

(by the observations), rather they were simply given by Ptolemy. 

Had these motions been in the manner which he had adopted, and hadn't they 

contradicted the principles, then he would have achieved his purpose.85 

By questioning the relationship between the observations and the kind of 

results one was allowed to deduce from them, 'Un;ll wished to direct the 

attention of his reader to the activity of model building itself. What part of 

it was dictated by the observations and what part was left to the astronomer 

himself to construct? And in the case of the model for the planet Mercury, 

'Un;ll had this to say: 

This total (configuration) resulted from many factors: The observations, the proofs 

which are based on observations, the periodic motions, the configuration (hay'a) that 

he [meaning Ptolemy] had conjectured, and the directions of the (various) motions 

(involved). In regard to the observations, the proofs, and the periodic motions, noth

ing of them could be criticized, for nothing had come to light, which would contra

dict them. 

As for the method of conjecture (J:zads), he (i.e. Ptolemy) has no priority in it, (espe

cially) after his mistakes have been clearly exposed. If anyone else ever finds some

thing, which agrees with the principles, as well as the particular motions of the planet 

which were found by observation, then that person would have a greater claim to the 

truth. 

When we saw the error of this opinion, and sought to rectify it, as we did in the 

case of the remaining planets, we found out that we could perfect it if we reversed 

the directions of the two previously mentioned motions-I mean the motions of the 

director and the deferent orb.86 

In very clear terms, this demonstrates the type of engagement that 'Un;ll had 

sought to achieve with the Ptolemaic tradition. To some of its parts, espe

cially the observational aspects, he had no objections to make because he 

had no observations of his own to bring to bear. The periods of the planets, 

he also had to accept as he also did not have better ancient sources to deduce 

his own. Ptolemy's mathematics was also superb, especially after it had been 
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already updated by the generations of astronomers who worked on it since 

the ninth century. But when it came to conjecture (/:lads), 'Urql's term for 

theorizing, there was no reason to prefer Ptolemy's theories over others, 

especially when those theories could not account for the observations and 

yet remain faithful to the Aristotelian cosmology that was already accepted 

by Ptolemy. It is not that astronomers like 'Urc.ll were blaming Ptolemy for 

abandoning Aristotle, and that they were so enamored by the latter to wish 

to re-install him through the adoption of his cosmology, but what they 

found objectionable was the theoretical contradiction between Ptolemy's 

acceptance of a set of principles on the one hand, no matter whose prin

ciples, and his contradicting those very principles when he came to describe 

the mathematical constructs that represented the same principles. On that 

level of theorization they felt that Ptolemy should have no priority over 

them. In fact they felt better qualified to theorize simply because they 

avoided the contradictions that plagued Ptolemy's astronomy. And yet their 

alternative models accounted for the observations just as well as Ptolemy's 

models could. Virtuous as he was, Ptolemy's authority could not overcome 

his inability to theorize properly. 

At this stage, the Islamic astronomical tradition had obviously reached 

such maturity that it could profitably raise issues that were not raised before. 

It could contemplate problems, relationships, theoretical strategies, that 

were not dreamt by Ptolemy. The confidence in the new foundations of sci

ence gave these astronomers the ability to go beyond the criticism of Ptol

emy, and to dare to oppose his models with their own, by either redeploying 

the same mathematics that he used, or by devising some of their own to 

replace it. This confidence also allowed them to look at the universe from a 

different perspective and to lay down new rules for the science that would 

eventually describe it. Such matters that were being explored in that man

ner touched the foundation of every science and were no longer restricted 

to astronomy alone. Again they should be borne in mind when we discuss 

the relationship of science to philosophy later on. 

In the present context, and even at the expense of some overlapping 

with the later chapter, these theoretical issues should be highlighted here 

as well. The theoretical lines that were developed in response to the Greek 

astronomical tradition also gave rise to the debate over the admissibility of 

eccentrics and epicycles among the celestial spheres, a debate that was not 

in essence a debate over the violation of the physicality of the spheres as 
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was discussed so far, but a discussion over whether in principle the celestial 

realm admitted such configurations at all. The origin of the problem was 

already locatable in several of the Aristotelian works, but most notably in 

the De Caelo, where Aristotle proved, with impeccable philosophical rigor, 

not only that the whole universe was spherical, but also that the Earth was 

at its center. And if one did not have an Earth there, one had to assume an 

Earth as the fixed point of any moving sphere, besides being the ultimate 

point of heaviness of the universe.H7 The argument was therefore of a nec

essary nature and not a merely convenient option to place the Earth at the 

center of the universe or not. Astronomers could debate as much as they 

wanted whether the observable phenomena could be explained by the 

assumption of a fixed Earth at the center of the universe, or by a revolving 

Earth around its own axis or around the sun. Some of them did raise these 

very possibilities in pre-Aristotelian and post Aristotelian times as well as 

during Islamic times, as was done by Aristarchus of Samos (c. 230 B.C.),  for 

example, and by B1run1 (1048) centuries after him. They did acknowledge 

that the same phenomena could either be explained by a fixed Earth at the 

center or by a moving one. But that did not change the Aristotelian cosmo

logical conditions one bit. According to Aristotle that "theoretical" Earth 

had to be motionless at the very center of the universe in the same way every 

moving sphere must have a motionless point at its very center. 

The discussion that revolved around the admissibility of eccentrics and 

epicycles lied at the core of this theoretical discussion, and those who would 

not allow such concepts took the position that such eccentrics and epicycles 

would then introduce a center of heaviness, other than the Earth, around 

which celestial simple bodies would then move. Ptolemy tried to resolve 

the debate by introducing the Apollonian theorem, which allowed for the 

replacement of an eccentric with a simple concentric sphere carrying an 

epicycle. But the problem could not be resolved so easily as the epicycle itself 

was also found objectionable for it also introduced a center of heaviness 

around which the epicycle itself revolved, and worse yet the epicycle had to 

be placed out there in the world of the Aristotelian ether which was defined 

as the ultimate simple element par excellence. 

Andalusian astronomers such as Ibn Baja (Avempace d. 1 138/9), Ibn Tufayl 

(d. 1 185/6), Ibn Rushd (Averroes d. 1 198), and al-Bitrujl (c. 1 200), each in 

his own style, expressed their dissatisfaction with Ptolemaic astronomy 

specifically because it harbored such appalling non-Aristotelian bodies as 

eccentrics and epicycles. Al-Bitrujl went farther than all of them by under-
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taking to construct a complete alternative configuration that avoided these 

eccentrics. HH 

Al-Bitrilji's success was spoiled by the inability of his configuration to 

account for the observations in a quantitative manner that would allow for 

the predictability of the planetary positions for any time and any place. That 

fundamental test of any astronomical proposition was the main hurdle 

against which al-Bitrilji's configuration collapsed. It was only an attempt to 

resuscitate the old Eudoxian spheres that had at one point enchanted 

Aristotle himself, but could not even then predict the position of any planet 

at any time, despite the fact that they could give a rather naive description 

of a planet's general behavior. And so was the case with Al-Bitriljl's con

struction, which also failed to account for the observable motions of the 

planets. For that reason alone Bitrilji's account remained to be a curious 

proposition that was not pursued any further by later astronomers. I sup

pose no practicing astronomer or astrologer, who needed to compute posi

tions of planets, could take it seriously. 

On more serious grounds, and for all those who wished to uphold the 

Aristotelian universe, at some point they had to admit that the Arsitotelian 

universe was not all that consistent anyway. Again we shall return to this 

philosophical issue later on. But in the context of this chapter, where we are 

focusing on the reception of the Greek scientific tradition into the Islamic 

civilization, let us complete the picture by indicating the range of objec

tions the astronomers who worked in Islamic times were prepared to raise. 

According to Aristotle, all celestial bodies, spheres, stars and planets, were all 

supposed to have been made of the same Aristotelian simple element, ether. 

That element was supposed to be divine, thus the simplest of all elements, 

capable only of one motion: the circular motion that had no beginning, nor 

end. As a result the simple element ether did not partake of any composition 

or any generation or corruption, as was the case with the other sub lunar ele

ments that experienced linear contrary motions. If that Aristotelian propo

sition were to be taken literally, and there were some who did take it so, then 

one would wonder how could a sphere, say, that carried the sun, in the same 

fashion a ring carried a crown, emit such a bright light as the light of the sun, 

from only one part of it, where the sun is located, while the rest of its body 

acted like a crystalline transparent spherical substance that did not emit any 

light? This, when the sun and its carrying sphere were both assumedly made 

of the same element ether. 
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Ibn al-Shatir of Damascus confronted the Aristotelian universe along 

these very lines and with this exact understanding. In his own way 

though, he posed the question in the following manner: He said that since 

the stars, and the planets, were themselves different from the spheres that 

carry them, as in the case with the sun that emits light while the sphere 

that carries it does not, then Aristotle would have to admit that the celes

tial world was not all that simple and must admit of some type of compo

sition. Now, since astronomers, Aristotelian ones included would know that 

some of the fixed stars were in fact considerably bigger than the largest 

epicycles of the planets, then if a composition is allowed for the fixed stars, 

the same composition must also be admitted for the much smaller epicy

cles as well. Ibn al-Shatir would then conclude that he was entitled to as 

much composition in the celestial spheres that would allow for the epi

cycles as Aristotle would allow for the fixed stars. He then went on to say, 

that while Aristotle and those who followed him could be right about the 

inadmissibility of the eccentrics, they were all wrong on the inadmissi

bility of the epicycles. The immediate consequence of this position led Ibn 

al-Shatir to construct very complicated mathematical models that would 

replace the Ptolemaic models, but at the same time they were all con

structed without a single eccentric sphere. In his defense he simply 

changed the Aristotelian assumption to stipulate that the universe was not 

as simple and consistent as Aristotle had thought, but according to Ibn al

Shatir, that it admitted of some form of composition. In a real sense, Ibn 

al-Shatir's novel assumption was the only one I know of where an astron

omer actually confronted the Aristotelian assumptions with a set of his 

own. This should have serious philosophical repercussions when taken in 

the context of the gradual collapse of the Aristotelian universe that culmi

nated with the Newtonian final coup de grace. 

In the context of the encounter with the Greek scientific tradition, and in 

the context of the relationship of the science of astronomy to the other sci

ences, a particular case should be made for mathematics. Not only because 

the astronomers used this discipline so profusely, nor because it was the 

demonstrative science par excellence, but because those same astronomers 

who went on to criticize Ptolemaic astronomy, and with their extensive 

proposals for alternative constructions, began to unravel the nature of the 

discipline of mathematics as well, by noticing that there were so many 

mathematical constructions that could explain the same observational 

results. The standard case in this regard was that of the Apollonius theorem 
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which was used by Ptolemy himself to account for the same observations 

either by an eccentric construction or by an epicyclic one. Ptolemy was con

scious of the fact that those two mathematical constructions depicted the 

same observational results, and opted to use the eccentric construction on 

account of its simplicity since it involved only one motion as he put it. 

What Ptolemy did not say was that both constructions, the eccentric as 

well as the epicyclic, violated the Aristotelian cosmology. For in the first 

case, the eccentric assumed a fixed center of heaviness other than the Earth, 

which was inadmissible, and in the second case of the epicycle it assumed a 

center of heaviness out in the celestial realm as we just described. 

Later astronomers who had no vested interest to defend the Aristotelian 

universe one way or another were at times ambivalent about those con

structions and went along with the Ptolemaic choice of the eccentric construc

tions. As we have just said, only Ibn al-Shatir objected to the eccentrics and 

avoided using them in his reformulation of astronomy. 

But what was also left unsaid was the validity of the discipline of mathe

matics itself in relationship to astronomical theory. How was one to assess 

which mathematical construction was to be preferred and which one was 

not, especially when both constructions could explain the observational 

data just as the Apollonius theorem could? We have already seen how 'Ur<;II, 

for example, already succumbed to the Ptolemaic use of mathematics, and 

did not raise any doubts in that regard. Only when he had to reformulate 

Ptolemy's mathematical model for the upper planets, he felt obliged to 

introduce a mathematical theorem that was not found in the Greek texts, 

and used that theorem only to account for the observations in a much bet

ter model than that of Ptolemy. But he went no further than that. 

Not until later did astronomers stop to think about the connection 

between mathematics and astronomy, and as we have just said, did so only 

when they began to notice that there were many mathematical construc

tions that could lead to the same results, that is, account for the observations 

equally well. By the sixteenth century, the astronomer Shams al-Oin al

Khafri (d. 1550), who was already mentioned, employed this very same new 

understanding of mathematics to its fullest, where in his own description of 

the new models that he and others had developed he would supply several 

models for the same planetary motions. That is, he would give several math

ematical alternatives to interpret the same observations in exactly the same 

fashion. In the case of the motions of the planet Mercury, for example, he 
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gave in one of his works four different mathematical models all yielding 

exactly the same mathematical results, and thus all accounting for the 

observations in the same fashion. And in his own words he offered these 

models one after the other simply as different ways (which he called wujuh) 

of looking at the same physical reality. This new understanding, that math

ematics was only a language that allowed the astronomer to describe the 

same physical reality in so many different ways, is nowhere better exhibited 

than in the works of Khafri.89 

Conclusion 

This brief overview should have made it very clear that the Greek astro

nomical tradition, especially that which was represented by the most impor

tant texts of that tradition, the Ptolemaic texts, was not simply preserved 

in the Islamic culture, as is so often asserted, but that it had received a very 

critical assessment from the very beginning. From correcting the perceived 

mistakes in the Greek texts by the translators themselves, to the critical re

evaluation of the observational results that led to changing the most fun

damental astronomical parameters of that tradition, to raising objections 

against that tradition for its detected disregard of its own natural philo

sophical premises that were firmly grounded in the Aristotelian tradition, to 

the theoretical objections against that tradition for its lack of systematic 

consistency, and finally to the theoretical objections that were raised in 

regard to the actual foundations of astronomy itself, how the science itself 

was structured and which components of it were subservient to which other 

components, and which of the other sciences were deployed in it and in 

what capacity, all of those aspects of the Greek astronomical tradition were 

subjects of great dispute. 

First, the most important aspect of the ensuing debate was that it was car

ried out with the most classical Greek authors, an observation that confirms 

our earlier assumptions about the lack of scientific sophistication of the con

temporary Byzantine and Sasanian cultures. None of the critiques that we 

have signaled so far were of current Byzantine or Sasanian doctrines, rather 

they were directed against Ptolemy, Galen, Aristotle and the like. The most 

important feature of this encounter with the Greek tradition is that it was a 

confrontation with the classical authors, and thus in a round about way 

the confrontation itself brought those classical ideas back into currency, at 
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the same time as they were being refuted and modified. It was not a polemic 

against contemporary Byzantine authors, which affirms once more that 

there was no such advanced civilization in Byzantium to come in contact 

with, as we have already repeated again and again. 

Second, this confrontation took place in the context of very complex 

social forces that were at odds with each other, for political and social rea

sons, and were only secondarily directed against the very science itself. As 

we have already seen, the science and the philosophy that were being 

brought into the Islamic civilization were directly connected to the social 

position of the persons who were bringing them, usually political and eco

nomic positions, and in a sense their final chances of acceptance or rejection 

in the target Islamic civilization were conditioned by the success or failure 

of the groups that sponsored those activities. 

Third, the Greek scientific and philosophical sources were being sought 

for reasons connected to the on-going debate that was taking place within 

Islamic civilization, a debate that was generated by the reforms of 'Abd 

al-Malik, as I have maintained all along, and were not sources that were 

encountered by chance through innocent contacts between two civiliza

tions. This conscious and willful selection of texts to be translated, which 

Sabra and before him Lemerle would want to call appropriation, because 

they served a specific purpose in the debate, also colored the manner in 

which those texts were accepted or rejected in the acquiring civilization. 

They were not ill-directed chance encounters that could bring their own 

momentum from the outside. Thus the Greek texts that were translated into 

Arabic simply enforced certain pre-selected directions and did not create 

their own directions, except in very tangential ways when they began to 

generate philosophical schools of their own in later centuries. 

Fourth, because the texts that were being sought during the eighth and 

ninth centuries were already written some 700 years earlier, and in some 

cases even more, their scientific contents were already obsolete in the sense 

that their mistakes were already exaggerated with the passage of time. For 

example, Ptolemy's small mistakes, which resulted from his comparison of 

his own observations with those of Hipparchus who observed some two cen

turies earlier, were now quite exaggerated after the passage of some seven 

centuries before they were re-examined again in ninth-century Baghdad. 

Only from that perspective we can understand why it was easy to note the 

differences between the ninth-century results, such as precession, position 
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of solar apogee and the like, and the results that were determined by 

Ptolemy some seven centuries earlier. 

Fifth, these results, whether they were directly acquired from the Greek 

sources, or were modified by the fresh observations, were always used within 

the ongoing struggle between the proponents of the "ancient sciences," 

whose claim to power depended directly on those new results, and the pro

ponents of the more Islamic classical orientation whose claim to power 

depended on their knowledge of the Arabic language. And because this 

main competition between those two groups also generated another com

petition with fellow scientists who were also trying to prove their relevance 

to political authority which employed them in the final analysis, then every 

scientist who was engaged in acquiring Greek texts had to worry about the 

two sets of opponents who were looking over his shoulder: the fellow sci

entists who wanted to claim greater authority to the texts that they had 

acquired, and thus compete for the same government jobs, and the oppo

nents whose authority rested on their knowledge of the Arabic language 

that was already affiliated with the religious sciences where it was desper

ately needed. As we have already stated this phenomenon itself can explain 

why someone like al-J:Iaj jaj  b. Matar had to make sure that his translation 

was written in the best Arabic, in order to compete against those who pos

sessed the Arabic language, and its contents had to be corrected from the sci

entific point of view so that his work would be better than the work of the 

other translators who at times simply translated the text mistakes and all. 

This may also explain why J:Iaj jaj 's translation was not the first, and that it 

was already an improvement over an older translation, as we are told by al

Nadim. Furthermore, it had less transliterated words from Greek than the 

translation that was completed some fifty years later by Isl)aq b. J:Iunain a 

clear indication that this linguistic competition had already faded by Isl)aq's 

time and was then transformed into another competition based on ethnic 

and religious affiliation, which was highlighted by the Shu ublya movement. 

Ghazali's later attack on the essentialism of the Greek causal philosophy 

could also be read as a continuation of the debate against the Aristotelian 

essentialism that required a fixed Earth at the center of the universe, and a 

strict adherence to the Aristotelian cosmological universe that was not 

always followed by Ptolemy. In other words, those within Islamic civiliza

tion who saw in the works of Aristotle a strict essentialist philosophy could 

not tolerate the divergences of Ptolemy and thus initiated a whole series of 
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attacks against his deviations. But it was those same persons with that same 

strict Aristotelian essentialist interpretation who were perceived by the reli

gious camp represented by Ghazali as going too far in their essentialism on 

issues of causality for example. Thus in an ironic turn of events one can say 

that the objections that were raised by astronomers working in the Islamic 

domain against Ptolemy's astronomy were motivated by Aristotelian purist 

astronomers who were at the same time fighting their own battle with reli

gious people who wanted to understand Aristotle in a much more relaxed 

sense, almost in the same relaxed manner in which Ptolemy understood 

Aristotle. 

Moreover, the debate that expressed itself in the Shuktlk literature, of 

which we have seen several examples, can be perceived as one feature of a 

much larger phenomenon that included religious attacks against Greek 

astrology, observational mistakes, factual errors in medicine, etc., where 

such disciplines also developed under the double watchful eyes of enemies 

from without, who competed over the sources of authority and who had the 

right to claim the possession of that source, and enemies from within who 

competed over who was the better scientist who could qualify for the gov

ernment job. 

It is within this complex environment that new disciplines such as Hay'a, 

Mlqat and Farii'i4, came into being in order to satisfy the outside competi

tion with the religiously inclined opponents, but at the same time to carve 

purely independent disciplines that could compete against the traditional 

ones, which were being promoted by fellow scientists from within so to 

speak. In that environment a science like Hay'a became at once a religiously 

acceptable science, and at the same time a more rigorous science that carried 

the brunt of the attacks against Greek astronomy in order to prove its rigor 

and its good religious standing. 

Within the same environment we can better understand this insistence 

on scientific rigor as the motivation behind the constant emphasis by 

Hay'a authors on the inner consistency of science mentioned above, an 

emphasis that characterized the long history of the Hay'a tradition. Hay'a 

authors were obviously trying to keep this double edge advantage over 

their fellow astronomers, such as authors of zfjes for example, by remain

ing more stringent in their scientific consistency requirements and by 

remaining religiously acceptable to the society at large. In that regard they 

scored a tremendous success as their discipline continued to be taught till 
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recent times, and sometimes well within the religious educational institu

tions themselves. 

Once we can see the double motivation to attack the Greek tradition, we 

expect this phenomenon to have had similar effects in other fields as well. 

And when we consider the field of medicine for example, we arrive at very 

similar results. We already had a chance to refer to the text of Abu Bakr al

Razi in which he objected to Galen's theories but also went ahead and com

posed his own rigorous scientific book on the difference between smallpox 

and measles, a difference that was apparently unknown to Galen, despite 

Razl's protestations. 

This same critical spirit was also exhibited in the work of 'Abd al-LaFf 

al-Baghdadi (d. 1231)90 who visited Egypt toward the beginning of the 

thirteenth century and who also found himself on a collision course with 

Galen at certain medical points. In his account of his trip to Egypt, he men

tioned that he had found certain anatomical points very difficult to explain 

to his students, and for them to understand those points, because in theory 

the written word was always less evident than the observation, or that 

"observation is always much stronger than words" as he put it.91 This should 

not be surprising since dissection was not commonly practiced in pre

modern times. But Baghdadi went on to say that he profited from a recent 

plague that had befallen Egypt, and visited with his students the piles of 

skeletons, which were still lying on the outskirts of Cairo. During their 

investigation, Baghdadi related that he noted the jawbone of those skele

tons, and that he found it to have been a single bone rather than two, as 

Galen had asserted. He went on to relate that he repeated the observation 

several times, in many skeletons, and that he always found it to be one bone. 

He then asked several other people who had also observed it in his presence 

and on their own and they all agreed that it was one bone. He then prom

ised to write a treatise in which he would describe the differences between 

what he saw and what he read in the books of Galen. But he continued to 

say that he kept on investigating this issue in graveyards of various ages in 

order to see if a seam or a split would be observed in that bone with age. And 

as much as he wished to save the Galenic text, he found none. 

In another instance, the same Baghdadi also reported that his original 

investigation was contrary to the teachings of Galen, but that later repeated 

observations confirmed the Galenic texts. 
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The works of Ibn al-Nafls of Damascus (d. 1 288), already mentioned 

before, fall in the same category, in that they exhibit this tendency to try to 

save the Greek texts from their own folly, so to speak, but having to object 

to them when there was better evidence of their error. Ibn al-Nafls's discov

ery of the smaller pulmonary circulation of the blood comes from the same 

tradition as that of Razl and Baghdadi, and represents the empowerment 

that the scientists of the Islamic domain must have felt once they started 

noticing the exposure of a whole sequence of mistakes in the classical Greek 

scientific texts, and once they started believing in what they saw with their 

own eyes. 

Other disciplines witnessed similar transformations in that they managed 

to cleanse the mistakes of the Greek tradition, whenever possible, but also 

went beyond to forge their own new terrain that the Greek authors did not 

know about. In particular the discipline of mathematics seems to have 

received a very interesting boost toward the sixteenth century when its rela

tionship to astronomy was finally correctly understood at the hand of some

one like Khafrf (d. 1 550) who could finally see that mathematics was just a 

tool that could be used to describe physical phenomena, and that it did not 

retain the Truth itself. 

The only astronomical criticism that was not touched upon in any 

detail in this overview was the criticism that was implicit in the various 

attempts of generations of astronomers who sought to reform Ptolemaic 

astronomy by constructing new mathematical models that could render 

the reality of observations, and the theoretical natural philosophical 

foundations in a much more coherent and consistent fashion. These will 

be explored in the chapter, which will survey the non-Ptolemaic models 

as was already promised. 

The Islamic civilization did not seem to have produced a rigorous astro

nomical criticism of the type that would have questioned the natural phil

osophical foundations of Greek astronomy themselves. Although some 

religiously inspired cosmologies did in fact speak to that point, yet there 

were no astronomers that I know of who adopted these views or sought to 

interpret the astronomical implications of such cosmologies. The final rejec

tion of Aristotelian cosmology had to come late in the history of astronomy, 

and only after a long and arduous struggle that was initiated by modern 

science under conditions that were completely different from those that 

prevailed in the Islamic civilization. 





4 Islamic Astronomy Defines Itself: The Critical Innovations 

Now that we have seen the kind of reactions the encounter with Greek 

science has produced in Islamic civilization, we can better appreciate the 

context for the astronomical developments that took place, as we continue 

to use astronomy as a template for the other disciplines that must have expe

rienced similar transformations. In astronomy, the reactions expressed, at 

all levels, ranged from simple corrections of what was thought to be a 

mistake in the text, as was done by al-J:Iajjaj in the case of the Almagest, to 

correcting the basic parameters by fresh observations, as in the case of re

determining the better values of precession and the inclination of the eclip

tic among others, to critiquing the methods of observation, as was done in 

the case of the fu�iil method, and finally to casting doubt on the reliability 

of the very foundations of the Greek astronomical tradition itself when it 

seemed to violate the principles upon which it was based in the first place. 

All these developments, when coupled with the very watchful eyes of 

the competing groups we spoke about earlier, from inside the profession as 

well as from outside, generated a skeptic attitude toward the incoming tra

dition. In itself this attitude emboldened astronomers to raise deeper and 

deeper questions as they continued to examine this Greek tradition in light 

of their own research. In this environment, it becomes easy to understand 

why good competent astronomers could not continue to practice astron

omy by simply taking the Greek astronomical tradition at its face value. 

They had to compete by proving that they could achieve better results than 

those that were achieved by the Greeks and which were being continuously 

criticized at the time. 

This did not mean that the Greek astronomical sources were yielding 

such dramatically erroneous mistakes that they could no longer be used to 
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answer simple mundane questions like casting a horoscope or the like. But 

it did mean that the professional astronomer, from early Abbasid times on, 

could no longer survive the competition if he limited himself to such simple 

questions in the first place. The serious astronomers had to answer more 

complex questions regarding the suitability of the proposed Ptolemaic 

astronomical configurations in accounting for the observations on the one 

hand, and in embodying the prevailing cosmological system of Aristotle on 

the other. For them, it was no longer sufficient to find the positions of the 

planets at any time for purposes of casting a horoscope or some such things, 

but they had to know how the planets moved, what caused their motion, 

why do they appear to go through all sorts of irregular behavior, and how 

does one account for that, all within the assumption of a universe made up 

of spheres all moving in place at uniform speeds as Aristotle had stipulated. 

At this degree of seriousness, Ptolemaic astronomy was found to be desper

ately wanting. 

With the work of Mul:lammad b. Musa b. Shakir, during the first half of the 

ninth century, regarding the properties and the admissibility of the exis

tence of the ninth sphere, the stage was set for undertaking a total overhaul 

of the entire Greek astronomical edifice. When it was found later on, as we 

have already seen with the critiques of Ibn al-Haitham, that the physical 

foundations of the Ptolemaic configurations did not match the mathematical 

representations that were offered by Ptolemy, the motivation for the over

all reform of that astronomy became a matter of necessity rather than 

choice. Only practicing astrologers could satisfy themselves, if they so 

pleased, with the use of the Ptolemaic Handy Tables, for example, to calcu

late the planetary positions that they needed for their horoscope casting. 

But those astrologers themselves fell under the censoring eye of the soci

ety at large, despite their ability to continue to function, and still try to 

make themselves useful to that society. Even then, they too had to require 

better and better astronomical tables (zfjes) for their craft, as the old 

parameters of the Ptolemaic tables were continuously corrected as time 

went on . Socially though, no self-respecting astronomer would admittedly 

want to be cast in an astrologer's garb, if he could help it. This despite the 

fact that some of them did. While the best of them would want to associ

ate themselves with the critical tradition that was beginning to pick up 

steam from the earliest decades of the ninth century. The latter had to 

cast a new name for the discipline they practiced (the discipline of 'ifm 
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a/-hay'a), because they did not wish to be associated with the lesser figure 

of the practicing astrologer. ' 

It was this environment that motivated the research of the new Islamic 

astronomy. Its main mission, as was enunciated later by Mu'ayyad al-Din 

al-'Urc,II (d. 1 266) of Damascus,2 one of the most distinguished astronomers 

of that tradition, was to create an astronomy that did not suffer from the 

cosmological shortcomings of Ptolemaic astronomy, that could account for 

the observations just as well as Ptolemaic astronomy could do if not better, 

and that did not limit itself to criticizing Ptolemy only, despite all the ben

efits that one derived from the detailed critique of Ptolemy's mistakes. This 

urgent need for a higher form of scientific astronomy was almost felt by all 

serious astronomers whose works we have come to know only recently, and 

who formed a continuous tradition inaugurated toward the beginnings of 

the ninth century and continued well into the sixteenth century as far as we 

can now tell. One astronomer after another would take very seriously Ibn 

al-Haitham's declaration which stated that there must be an astronomical 

theory, or in his language astronomical configuration (hay'a), that could 

account for the observations conducted in the real physical world without 

having to represent that world with a set of imaginary lines and circles as 

was done by Ptolemy.1 One could hear them all repeat: If the world was real, 

made up of real spheres, as was argued by Aristotle, then let it be represented 

by mathematical models that did not contradict that physical reality. 

On the more mundane level, when it was a matter of double-checking the 

observations that would account for the behavior of the real physical world, 

or that would help establish the very observations that were to be used as 

the building blocks of the theoretical representation, those had to be taken 

seriously as well. That is why one can document several attempts to double

check the values of the basic parameters, as we have already seen, or to ini

tiate a whole discussion about the optimal methods of observation as we 

have also seen, or to initiate whole new fields of refining observational 

instruments or inventing whole new ones when there was a need for that. 

These activities continued to take place as the astronomical tradition con

tinued to grow. The studies of Khujandi's surviving works on larger, and thus 

more precise, instruments, or those of 'Urc,II regarding the construction of 

the Maragha observatory instruments, among others, speak exactly to such 

concepts.4 But what was really wrong with Ptolemaic astronomy that gen

erated all those discussions? 
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The Problems with Ptolemaic Astronomy5 

It is possible to say that Ptolemy saw the astronomical universe in four dif

ferent ways: It was either a universe completely composed of Aristotelian 

spheres that could be described with the same language that was used in the 

Planetary Hypotheses, or a complementary world that was formed of those 

same spheres and represented by more precise predictive mathematical 

models as was done in the Almagest, or that it was a world that was already 

determined and its behavior tabulated as was done in the Handy Tables, or a 

world that was constantly at the mercy of the revolving celestial spheres that 

governed the world of change in the sublunar region in which we live, as 

was done in the Tetrabiblos. 

For astronomers working in the Islamic civilization, the universe of the 

Handy Tables did not present much challenge, as it was a matter of fixing the 

mistakes of those Handy Tables by fresh observations whenever it was a mat

ter of determining the positions of planets for any time and place. New 

parameters could do that, as was in fact done by generations of zlj writers 

who simply continued to update the Handy Tables. At times they added to 

them newer concepts that were not known in the Greek tradition that 

required tables of their own, such as tables for the visibility of the moon, or 

tables for prayer times, or qibla directions, etc., that were necessitated by the 

new religion of Islam and would not even occur to someone like Ptolemy. In 

such cases the newly established Islamic requirement of finding the best 

time and location for lunar visibility owed its inspiration to a religious prac

tice rather than a scientific curiosity or astronomical need. And it is in such 

instances that religious thought would give rise to scientific thought and 

science could become a handmaiden of religion, as we shall see below. 

The second Ptolemaic description of the world, that which was reflected 

in the Tetrabiblos, was quickly found to be way too general for use by the 

practicing astrologers. For although the Tetrabiblos gave a fairly sophisti

cated analysis of the manner in which the Aristotelian spheres and planets 

exerted their influence on the sublunar region, it did not offer detailed 

instructions on how to translate that theoretical analysis into practical 

horoscopes that could answer particular questions at specific times. For that 

reason more specific books had to be developed in order to make up for 

those shortcomings. Birunl's book on the Elements of Astrology is a master

piece in that regard, 6 as are the books of the various astrologers who 
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attempted a more direct approach to the subject like the Introduction to 

Astrology of Abu Ma 'shar. 7 

But the Ptolemaic books that caused the greatest amount of problems for 

the astronomers of the Islamic civilization were the Planetary Hypotheses 

and the Almagest. For although those two books were complementary to 

one another, yet they were mutually exclusive when it came to accounting 

for the Aristotelian cosmology in a more systematic fashion. From that 

perspective the Planetary Hypotheses spoke directly to a system of physical 

spheres, more or less in closer agreement with the Aristotelian spheres, 

while the Almagest spoke of circles representing spheres, and thus only 

implicitly acknowledged the Aristotelian spheres. Yet, both books spoke of 

physical impossibilities such as equants and the like. It was those impossi

bilities and absurdities that contradicted the Aristotelian cosmology that 

were found most objectionable. 

It is not that Astronomers working in the Islamic civilization were enam

ored by Aristotelian cosmology and wanted to save it at any cost.8 Rather it 

was that they saw in those two books clear indications of the Aristotelian 

assumptions about the composition of the universe and its constituent 

parts, and yet could not see the descriptive representations of that universe, 

as was done in the Almagest, really doing justice to the science of astronomy 

itself. When people read those two books, and they obviously read them 

together, as we have already mentioned at various occasions before, or 

when they read carefully the underlying assumptions as expressed in the 

Almagest too seriously, what they saw was a field that had accepted a set 

of Aristotelian cosmological premises, but went ahead and spoke about 

those premises in a language that contradicted their very essence. For 

instance, they saw Ptolemy speak about Aristotelian spheres as the con

stituent elements of the universe, and then turned around and repre

sented those spheres with mathematical spheres whose properties would 

deprive them of their very sphericity. It was these kinds of fundamental 

contradictions that were thought of as detracting from the scientific basis 

of astronomy, and under no condition could serious astronomers accept 

those contradictions. 

In what follows I only highlight the main features of these absurdities, 

and follow that with a description of innovative approaches that were taken 

by the astronomers of the Islamic civilization in order to emend, whenever 

possible, or create alternatives to the imported Ptolemaic astronomy.9 



1 36 Chapter 4 

The Motion of the Sun 

In the case of the sun, Ptolemy noted that if the observer were really located 

at the center of the Aristotelian universe, as the Aristotelian cosmology 

would require, then we would have routinely equal days the whole year 

round, we would have no seasons, and the sun would repeat its path around 

us day after day. But the observed reality was not like that. To account for 

that reality, Ptolemy first determined the basic parameters, like the length of 

a solar year, and then went ahead and proposed one of two solutions for the 

actual motion of the sun. He stipulated that the sun was either carried by an 

eccentric sphere, whose center did not coincide with the center of the Earth, 

as Aristotle would have wanted to insist, or that it was carried by another 

much smaller sphere-called epicycle-which itself was in turn carried by 

another sphere that was concentric with the Earth (figure 4 . 1 ) .  

In Book I I I  of  the Almagest, Ptolemy made sure first that both alternatives 

could still account for the observations well enough, and quickly resorted to 

the previous work of Apollonius (c. 200 B.C.) which in fact proved that both 

of these descriptions of motion could be represented by configurations that 

were mathematically equivalent in every respect. One did not have to chose, 

therefore, between them, if the purpose was only that of accounting for the 

observations. 1 0  In his own words "the mathematician's task and goal ought 

to be to show all the heavenly phenomena being reproduced by uniform cir

cular motions, 1 1  and that the tabular form most appropriate and suited to this 

task is one which separates the individual uniform motions from the non

uniform [anomalisticj motion which [only] seems to take place, and is (in 

fact] due to the circular models; the apparent places of the bodies are then 

displayed by the combination of these two motions into one." 1 2 

Despite the fact that the actual motion of the sun could be represented 

in tabular form, both in terms of mean motion as well as in anomalisitic 

one, the problem still resided in the type of motions of the spheres that 

accounted for the observed motions. Obviously, Ptolemy's insistence on 

uniform motion here is undeniable. For he could not at the same time 

adhere to Aristotelian cosmology and yet allow any of the spheres to move 

at a varying speed as it pleased. And in case one forgets, in Book III, 3 of the 

Almagest, he made this uniform motion the general guiding principle of his 

astronomy in the following terms: "But first we must make the general point 

that the rearward displacements of the planets with respect to the heavens 
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The equivalence of the eccentric and epicyclic models for the sun. 
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are, in every case, just like the motion of the universe in advance, by nature 

uniform and circular. " H  

I f  Ptolemy was talking, a s  he seemed t o  b e  doing s o  clearly, about Aristo

telian spheres that moved uniformly in place, then both alternatives that he 

proposed for the motion of the sun suffered from other Aristotelian con

siderations as we have seen before: First, the eccentric model of Ptolemy, 

would propose that there is a center of heaviness in the universe around 

which the most obvious luminary, the sun, would move, which was differ

ent from the Earth that was taken by Aristotle to be the center of heaviness 

par excellence. That is contrary to all the Aristotelian assumptions about the 

composition of the universe, and about the need to have an Earth at the cen

ter of the universe, not only as a center of heaviness to which all other ele

ments would 11naturally" gravitate or recede from, but as the fixed center of 

the sphere of the universe which is as essential to it as any fixed center is to 

a rotating mathematical sphere. 
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The second alternative, the epicyclic model, also assumed the existence 

of a sphere, out in the celestial realm, which had its own relatively fixed cen

ter of heaviness, different from that of the universe, and thus would make 

the element ether, of which all the celestial bodies are made, a complex ele

ment rather than the simple element Aristotle defined it to be. 

These are the obvious contradictions that gave rise to the medieval dis

cussions about eccentrics and epicycles, and about their undesirability in 

general, which we have already mentioned. And as we have already seen, 

they irked Ibn al-Shatir (d. 1 3 75)  of Damascus enough so that he would 

try to resolve them, as we shall repeat below. As for Ptolemy, and despite 

his insistence on the Aristotelian feature of uniform motion, he remained 

absolutely silent on these other Aristotelian considerations. In fact, he pro

ceeded as if nothing was wrong and went ahead to assess the merits of each 

of the two models with respect to the criteria of simplicity. From that per

spective he judged the eccentric model to be simpler on account of the fact 

that it involved one motion instead of two. 14 As far as he was concerned this 

instrumental reason was enough to allow him this temporary lapse of mem

ory that there were other Aristotelian conditions to be met. 

In fact, the situation became even worse as he proceeded. For although 

he could offer two options for the case of the solar motions, either an eccen

tric or an epicyclic one, when it came to the other planets he knew quite 

well that he would no longer have these options. He would have to use both 

eccentrics as well as epicycles in order to account for their more complex 

motions. Without any reference to Aristotelian cosmology, or any recollec

tion that it was his guiding cosmology from the beginning, he went on to 

say: " . . .  for bodies which exhibit a double anomaly both of the above 

hypotheses [meaning the eccentric and the epicyclic] may be combined, as 

we shall prove in our discussion of such bodies . . . .  " 1 5  

Although he had his  own pedagogical reasons to  do so, Ptolemy moved 

on to discuss the motion of the moon before discussing the motion of the 

other planets. It may be worth mentioning at this point that Ptolemy 

grouped the planets together in terms of the predictive mathematical model 

that he devised for their motions, of course with total disregard for Aris

totelian cosmology as we just saw. As a result, he treated the motions of the 

sun, the moon, and mercury, separately and with separate models for each, 

and then grouped the other "upper" planets, Saturn, Jupiter, Mars, and 

Venus together and described their motion with one model. Furthermore, 
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in the final arrangement of his presentation of the models, he also had to 

abandon the principle of simplicity and presented the models in the fol

lowing order: sun, moon, upper planets, and mercury. 

For the purpose of illustrating the underlying Aristotelian cosmological 

problems that these models entailed, I shall readopt the principle of sim

plicity and proceed to expose the problems with the model for the upper 

planets next, before I pass on to the models of the moon and mercury. 

The Motion of the Planets 

The motions of the upper planets Saturn, Jupiter, Mars, and Venus, 

described in Book IX of the Almagest and grouped together in IX, 6, can 

be briefly summarized in the following manner (figure 4.2): Each of the 

upper planets was supposed to be carried by an epicycle, attached to it in the 

same fashion a crown is attached to and carried by the ring, to use medieval 

descriptions. The epicycle was itself carried within the shell of and by an 

A 
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Figure 4.2 

Ptolemy's model for the upper planets. The observer is at point 0. The planet P is 

carried on an epicycle with center C, which is in turn carried by the deferent with 

center T. Note that the deferent rotates uniformly around the equant E and not 

around its own center T. 
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eccentric sphere called the deferent, here represented by a simple circle with 

center T. Each of those spheres moved uniformly in order to account for the 

anomalistic and mean motions respectively. But in order to account for the 

observations properly Ptolemy had to assume that the carrying deferent 

sphere did not move uniformly around its center T, nor around the Earth 

which was at the center 0 of the universe still, but around another point E, 

called later the equant point, or the center of the equalizer of motion when 

described by Ptolemy as a sphere. Without any proof of any sort, Ptolemy 

went on to stipulate that the equant point was located away from the defer

ent's center, by the same distance as the center of the deferent itself was 

removed from the center of the universe, and on the opposite side. That is 

the eccentricity OTwas equal to T£.16  With this arrangement, the deferent's 

uniform motion around its equant accounted for the mean motion of the 

planet, and the epcicyle's motion around its own center accounted for 

the anomalistic motion, and thus the phenomena were sufficiently saved. 

But from the Aristotelian perspective, this new predictive model for the 

positions of the planets did not only violate the Aristotelian presuppositions 

once with the adoption of the eccentric sphere, but twice with the adoption 

of the epicyclic one as well. It even went beyond that to violate, in a very 

serious fashion, the very mathematical property of a sphere. With Ptolemy's 

new assumption that there could be a physical sphere that could move 

uniformly, in place, around an axis that did not pass through its center, it 

became very clear that the same assumption would require us to abandon 

completely the very concept of the mathematical sphere and its defining 

properties. The only axis around which a physical sphere could move uni

formly in place was the one that had to pass through the fixed center of the 

sphere; otherwise it could not stay in place. 

Even if Ptolemy could have satisfied the Aristotelian conditions by avoid

ing the eccentric sphere and accounted for it by another epicycle, as he did 

with the case of the sun, and even if he had allowed himself the license to 

use epicycles, arguably against the Aristotelian conception of the simplicity 

of the element ether, as was done later by Ibn al-Shatir of Damascus (1375), 
for example, still his requirement that any physical sphere could move uni

formly around an axis that did not pass through its center would make the 

existence of such a sphere physically impossible. And as was clearly stated 

by Ibn al-Haitham later on, and already quoted before, we do not live in an 
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imaginary world where such spheres may only exist in the mind, but in a 

very real one whose motions had to be accounted for. 

On the positive side, Ptolemy's configuration, physically absurd as it was, 

could still account rather well for the longitudinal motions of the planets. 

It could explain the daily progression of the planets from west to east, i .e .  

contrary to the direction of the primary daily motion of the heavens, and 

in the direction of the ascending order of the zodiacal signs Aries, Taurus, 

Gemini, etc., as a result of the planet's own mean motion. The planet's par

ticular motion, said anomalistic motion, took place uniformly on its own 

epicycle, and could account for the forward and backward motions of the 

planet as well as account for the stations in between. These positive condi

tions, when coupled with the ability of the model to predict the positions of 

the planets rather accurately, for its time, could satisfy the astrological pre

dictions and the like. 

On the negative side, the sheer absurdity of the equant concept, in the 

realm of physical spheres, turned this model into a point of contention to 

be taken up by every serious astronomer up to and including CopericusY 

The Motion of the Moon 

In the case of the moon, Ptolemy's model became more complicated, and 

even more absurd than the two previously discussed models of the sun 

and the planets. In order to account for the observable motion of the 

moon, with its variations in the position of eclipses, the apparent motion 

of the moon on its epicycle without undergoing retrograde motion, and the 

variation in the size of the epicycle as it appears to the observer on Earth, 

he could not possibly account for all those variables with a relatively simple 

model as that of the sun or the planets. Instead he introduced the "sphere 

of the nodes" (figure 4.3) as an engulfing sphere for the moon and made it 

concentric with the Earth. He made this sphere responsible for the motion 

of another sphere inside it that he called the deferent, which was in turn 

eccentric with respect to the Earth. He made the sphere of the nodes move 

from east to west, while the engulfed deferent in the opposite direction. The 

moon was finally moved directly by an epicycle which was carried within 

the shell of the deferent but which moved in the direction opposite to that 

of the deferent. 

But in order to create a variation in the size of the epicycle, especially 

when the moon was away from the mean sun by 90°, Ptolemy made the 
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Figure 4.3 

Ptolemy's model for the moon where the engulfing sphere that moves the nodes as 

well as everything contained in it is centered on the Earth at 0. The deferent sphere, 

with center F, is moved by the engulfing sphere from east to west so that its apogee 

moves to point A. The deferent that carries the epicycle within its shell, here repre

sented by the circle of the deferent itself, moves in the opposite direction to bring the 

center of the epicycle to point C. Note that the uniform motion of the deferent is 

measured around the center of the universe 0, which means that it does not move 

uniformly around its own center F, thus producing an equant-like concept of its 

own. Now the epicycle moves by its own anomalistic motion in the same direction 

as the engulfing sphere. But its anomalistic motion is measured from the extension of 

the line that connects the center of the epicycle C to the ever-moving prosneusis 

point N. Furthermore, note that the distance of the epicyclic center from the Earth, 

when the epicycle is 90° away from the mean sun is almost half the distance it would 

have when the epicyclic center is in conjunction or opposition with the sun. That 

means that a quarter moon should look almost twice as big as a full moon, which is 

obviously untrue. 
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deferent move uniformly around the center of the Earth rather than around 

its own center, thus creating again an equant problem similar to that 

encountered with the upper planets. Furthermore, and in order to account 

for the second anomaly of the moon, he stipulated that the moon's own 

motion on its epicycle should be measured from a line that started at a 

point, N in the diagram, which was located diametrically opposite from the 

deferent center, F in the diagram, with respect to the Earth, and at the same 

distance from the Earth as the deferent center, but in the opposite direction. 

The point was called the prosneusis point (nuqtat al-mul:ziidhiit) and the line 

joining it to the center of the epicycle, when extended to the circumference 

of the epicycle, constituted the starting point for the true anomaly of the 

moon. One should note here that this prosneusis point N was itself in con

stant motion as it was always defined by its diametrically opposite location 

from the moving center of the deferent F. That is, it was simply symmetrical 

to the deferent center with respect to the center of the universe. Thus the 

line that joined the prosneusis point to the center of the epicycle oscillated 

back and forth from the line that joined the center of the epicycle to the 

fixed center of the universe and never completed a full revolution. This 

oscillating motion was found objectionable as well, since there should not 

be any non-circular motions in the heavens according to Aristotle, and thus 

all revolutions should be completed. 

For very instrumental reasons, this crank-like model, however, accommo

dated the observations rather well, as far as the longitude of the moon was 

concerned. But it failed miserably when it came to the apparent size of the 

moon. If taken seriously, and with its crank-like operation, the model 

required the moon to be pulled very close to the Earth when it was at 90° 

away from the mean sun. Accordingly, the moon's distance from the Earth 

at that point would become almost half the distance it had when it was at 

full moon or in conjunction with the sun. This would mean that for an 

observer, situated on the Earth, when the moon was quarter moon, it would 

then have to appear twice as big as when it was a full moon. This predictive 

aspect of the model was obviously untrue, and was fittingly described later 

on by Ibn al-Shatir as untenable since the moon was never seen as such (lam 

yurii kadhiilika). 

Furthermore, since the position of the prosneusis point itself was deter

mined by the position of the symmetrically opposite position of the defer

ent center on the other side from the Earth, and since that center was itself 
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moved around the Earth by the engulfing sphere of the nodes, that meant 

that both the deferent center as well as the prosneusis point, that depended 

on it, were in constant motion. This also meant that the line that joined the 

prosneusis point to the center of the epicycle's center was no longer fixed as 

well as we just said, and thus in 'Un;li's terms, was not fit to be considered the 

beginning line for the measurement of the anomalistic motion, since it 

would not constitute a fixed starting point. 

With a deferent that moved around its own center, but measured its uni

form motion around another center, now the center of the universe, thus 

repeating the same equant problem, and with the introduction of the mov

ingprosneusis point that introduced an oscillating line that never completed 

a full revolution, and with the huge increase in the apparent size of the 

moon at quadrature, all implied by Ptolemy's model, one can see why this 

model attracted a large critical literature within Islamic civilization. Its own 

problem was often referred to as the prosneusis problem, in analogy to the 

equant  problem that was used to describe the difficulties with the model for 

the upper planets. Several astronomers working in Islamic civilization tried 

to rectify the situation by creating their own models, some of which were 

more successful than others. In that tradition, Ibn al-Shatir's lunar model 

was by far the best, not only because it did away with the equant construc

tion when it made all spheres move uniformly in place around axis that 

passed through their own centers, and reduced the variation in the appar

ent size of the moon, while keeping the increase of the size of the epicycle, 

but because it also turned out to be identical to the same model which was 

proposed by Copernicus (d. 1543) himself about 200 years later. 1 H 

In his usual fashion, Ptolemy said nothing about the difficulties of his 

model, and did not even draw attention to the fact that his model directly 

contradicted the real apparent size ever so blatantly. But things were mov

ing from worse to worst, as the next model of Mercury and the models for 

the latitudinal motions of the planets were worst still. 

Motion of the Planet Mercury 

Because of the high speed of this planet, and because of its proximity to the 

sun, and thus the difficulty in observing it in a reliable fashion, Ptolemy's 

model for the motions of this planet reflected the faulty conditions of the 

observations . 19 As in the case of the moon, where Ptolemy's crank-like 

model predicted that the moon would come closest to the Earth twice dur-
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ing its monthly revolution (when the moon reached 90° or 270° from the 

mean sun, or when the moon was at the first or third quarter of its revolu

tion), so was the case with Mercury, which was supposed to come closest to 

the Earth at two points during its revolution: when Mercury was 1 20° away 

from the apogee, on either side of the apsidal line. This meant that Ptolemy's 

model for Mercury would mimic some of the features of the lunar model. 

In Almagest IX, Ptolemy proposed a model for the planet Mercury that had 

an engulfing eccentric sphere called the director (centered at B in figure 4.4), 

which in turn carried another eccentric sphere called the deferent (here cen

tered at G). Needless to say, both eccentrics were in direct violation of the 

Aristotelian presuppositions. The director moved around its own center, in 

the direction opposite to the succession of the signs, i.e. from east to west, 

and carried with it the deferent in the same direction. The deferent, how

ever, moved in place, inside the director, by its own motion but in the oppo

site direction, thus producing a crank-like mechanism that was similar to 

that which was employed in the lunar model. And like the lunar deferent, 

this one too did not move uniformly around its own center G, but around 

a center E, also called the equant as in the model of the upper planets, but 

placed, again without any proof, half way between the center of the Earth 

and the center of the director, instead of being on the far side as was the case 

with the upper planets. The epicycle, which carried the planet Mercury with 

its own anomalistic motion, moved in the same direction as that of the def

erent, and was itself carried by the motion of the deferent in the direction of 

the succession of the signs. 

Thus, in addition to two eccentrics (which one may have thought that 

Ptolemy could explain away in the same way he used the Apollonius theo

rem to explain the solar eccentric away) and one epicycle (unavoidable on 

account of the second anomaly), there was the same additional absurdity 

which had appeared twice before: the absurdity of having a sphere move 

uniformly, in place, around an axis that did not pass through its center. And 

as in the case of the model for the upper planets, there was the additional 

unproved statement of Ptolemy that the equant laid half way between the 

center of the world and the center of the director. One can see why such 

accumulated technical considerations would make Ptolemaic astronomy 

subject to the kind of severe criticism that was leveled against it once it came 

into Islamic civilization. 
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Figure 4.4 

Ptolemy's model for Mercury. The observer is at point 0, the center of the universe. 

The planet M is carried by the epicycle with center C, which is itself moved by the def

erent with center G. The deferent, which is also moved by an engulfing sphere called 

the director and whose center is B, moves in the same direction as the epicycle, but 

measures its equal motion around the equant E rather than its own center G. The 

equant E is halfway between the center of the universe 0 and the center of the direc

tor B. For the observer at point 0, Mercury's epicycle will appear at its largest when 

it is closest to Earth, at ±120° away from the apogee A, and not at quadrature, when it 

is only 90° away from the same apogee, as was thought by Copernicus. The two elon

gations are represented here by angles drawn with dotted and continuous lines. 

Planetary Motion in Latitude 

To make matters worse, the Ptolemaic models for the latitudinal motion 

of the planets further introduced some absurdities of their own. In this 

instance, and for purposes of computing the latitudinal component of 

the planetary positions, Ptolemy made a distinction between two groups 

of planets: He grouped Saturn, Jupiter, and Mars in one group and described 
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Figure 4.5 

Ptolemy's model for the latitude of the upper planets. The observer is at point 0, and 

the inclined deferent plane has a fixed inclination. The epicycle however had its own 

deviation from the deferent plane, whose value depends on the position of the epi

cycle along the deferent. 

their latitudinal motion with one model, and grouped Venus and Mercury 

in another group that was the subject of a different, and quite offending, 

model. It should be stressed at this point, that in terms of longitudinal 

motions the models described by Ptolemy still yielded quite reasonable pre

dictive results despite their physical absurdities. Those results were at least 

convincing enough to allow Ptolemy to make his pragmatic claim that he 

must have been following some correct conjecturing in configuring them 

out although he did not know rigorously enough how they worked. 

For the upper planets (figure 4.5),  Ptolemy proposed a model that 

included an observer at the center of the world 0, that is the center of the 

ecliptic. He then proposed an inclined, eccentric deferent plane that inter

sected the plane of the ecliptic at a fixed angle. The line of the intersection 

between the two planes passed through the position of the observer and 

marked the two nodes. The epicycle that was carried by the inclined plane 

had its own deviation from that plane as well, but this deviation varied 

depending on the longitudinal position of the epicycle. At the northern

most end of the deferent the epicycle would have its maximum deviation, 

but as soon as the epicycle reached the position of the nodes it would lie flat 

in the plane of the ecliptic. At the southern end of the deferent it will have 

the same phenomenon of maximum deviation, but in the opposite direc

tion. And although both deviations had the same value, the southern one 

simply looked bigger since it was closer to the observer. 
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In effect, then, the plane of the epicycle seemed to perform a seesawing 

motion of its own, as the position of the epicycle changed by the motion of 

the deferent. Since this kind of motion never completed a full circle, it was 

obviously deemed to be in the same category as the oscillating prosneusis 

of the moon. And thus it was as far as it could be from the uniform circu

lar motion, which Aristotle would have required, since only full circular 

motions were the natural motions of the simple element ether of which all 

the celestial bodies were composed. 

No word from Ptolemy in this regard. And although he had claimed that 

he was adhering to the Aristotelian cosmology, he still behaved in the same 

fashion as he did before when such violations were committed. That is, he 

still made no effort to explain them away as one would have expected. 

Instead, he invited the reader to imagine that the tips of the epicyclic diam

eters could be attached to pairs of "small circles." Those circles could be 

placed perpendicular to the plane of the deferent. And as the tips of the 

diameters moved along those "small circles" the resulting oscillating 

motions would produce the seesawing effects that were needed. He then 

had a problem synchronizing those motions of the tips of the diameters 

along their "small circles" and the motions of the epicycles themselves 

along their deferents, since the deferents themselves were eccentric, as we 

have already seen. To solve the problem, he resorted once more to the 

assumption that the diameter tips too had their own form of equants just like 

those of the other larger models of the planets, since they did not seem to 

be partaking of a uniform circular motion around their own centers. 

Now, even if one could accept the motion of the diameter tips for the pur

poses of producing the seesawing effect, which was in turn "justifiably" 

required by the observations, one could easily see that any such "unnatural" 

seesawing would also create a wobbling effect that would interfere with the 

longitudinal component for which much pain was suffered when it was 

computed in the first place. 

It was this specific feature of the latitudinal motion in the Ptolemaic 

model that led the thirteenth-century astronomer Na�Ir al-Din al-Tusi (d. 

127 4) to proclaim, in his Ta1)rlr al-majistl in 1247, that Ptolemy's speech was 

indeed intolerable, or, in his own polite words, beyond what was permitted 

in the craft (khiirij 'an al-�nii'a).20 

The latitudinal motion of the second group, the lower planets Mercury 

and Venus, did not fare any better in this regard. For them the inclination 
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of the carrying plane itself varied as the epicycle moved along its circumfer

ence. One should always remember that those planes were supposed to be 

the equators of physical spheres, the only bodies capable of generating such 

motions in an Aristotelian universe. In the case of Venus, when the epicycle 

was at the northernmost end of the inclined plane that plane itself tilted 

northwards and the epicycle on its northern edge tilted away from the car

rying plane along the eastern edge. But as the epicycle moved to the nodes 

one of its diameters coincided with the ecliptic, while the other still tilted 

along the eastern edge. When the epicycle reached the southernmost end, 

the whole inclined plane tilted in the opposite direction so that its south

ern end now pointed to the north, and the epicycle still inclined away from 

it along the eastern edge again. In effect then both the inclined plane as 

well as the plane of the epicycle itself would undergo the same kind of see

sawing motion that was noticed in the model of the upper planets. And 

here again, the only solution Ptolemy had to offer was to propose the same 

kind of " small circles" to be attached to the seesawing diameters so that they 

could be forced to perform the latitude motion. And here again that arrange

ment would still force the whole plane to wobble and destroy the longi

tudinal component as before. We just saw what Tusi would say of such an 

arrangement. 

In sum, Ptolemy's models for the movements of the moon and the five 

planets introduced notions that were not only in violation of the Aristo

telian presuppositions, but as we have seen, with the case of the motions in 

latitude of the planets, included arrangements that also destroyed the lon

gitudinal components that worked rather well on their own. It looked like 

Ptolemy could not compute any component of the motion without destroy

ing the other. In total exasperation, he ended up confessing that only gods 

were capable of such perfection, not the mere humans.21 With this realiza

tion, the whole Ptolemaic configuration seems to fall apart, despite the fact 

that, on the computational level, it seems to have been able to predict the 

positions of the planets, and can still do, with a rather remarkable accuracy. 

The reforms of this astronomy that were to take place in Islamic civiliza

tion after the thirteenth century went to great pain to retain that predictive 

value of Ptolemaic astronomy. But they definitely aimed to reform the con

ceptual arrangements of the spheres that were supposed to carry out these 

various motions. Toward the end of the twelfth century, when Averroes had 

to give his assessment of the Ptolemaic astronomy, an astronomy that was 
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still the norm in his time, he had the following to say: "The science of 

astronomy of our time contains nothing existent (lays minh" shay'"" 

maujud), rather the astronomy of our time conforms only to computation, 

and not to existence (Ia li-l-wujud) . " 22 

Islamic Responses to Ptolemaic Astronomy: Creating an Alternative 

Astronomy 

We have already seen several levels of responses to what was perceived as fac

tual mistakes in the Ptolemaic tradition. Whether it was in simple mistakes 

in texts, or basic parameters, or even methods of observations, those were 

attended to and began to be fixed as early as the ninth century. New genres 

of writings addressing specifically the totality of those Ptolemaic problems, 

called shukuk, istidrak, and the like were developed and sophisticated with 

time, so much so that they became subjects of discussion on their own by 

people who were not even astronomers by profession. 

Serious attention to the philosophical and physical underpinnings of 

the Ptolemaic edifice, otherwise signaled as model building, and serious 

attempts to replace the inadequate Ptolemaic models did not begin until the 

eleventh century. But once it began, almost every serious astronomer felt 

that he had to take part in the enterprise. In the sequel I will only signal 

those who made fundamental shifts in the way astronomy was practiced to 

the neglect of others who kept the discipline alive by supplying the com

mentaries and the individual modifications that they saw the major shifts 

required, or simply made use of those shifts to overhaul the then current 

astronomy in order to incorporate those changes.23 For example, when the 

trigonometric functions were introduced into the Islamic scientific tradi

tion, and were perfected after being originally derived from the few func

tions already known in India, the tendency was to use those functions in 

any theoretical discussion of astronomy instead of the chord functions that 

were used in the Almagest and its translations. 

It is these kinds of shifts that produced the astronomy that could then be 

called Arabic/Islamic astronomy, and whose example we hope the other 

disciplines had followed. In what follows, however, I will pay a special atten

tion to the most subtle shifts that played, in my judgment, a catalytic role 

in producing other astronomical innovations, and became part of the uni

versal legacy of astronomy. As was already said, I will neglect those who 
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periodically took in those conceptual shifts and integrated them in their 

works without producing any shifts of their own. 

The focus will then be on those astronomers who felt that they needed to 

invent new concepts, or more concretely new mathematical theorems, in 

order to solve the problems of Ptolemaic astronomy, and not that much on 

those who followed them by incorporating the latest theorems to build 

upon them in order to create new planetary models of their own. Of those 

who introduced such new theorems, the names of Mu'ayyad al-Din al-'Ur<;II 

(d. 1266) and Na�Ir al-Din al-Tiisi (d. 1274) stand out on account of the fact 

that each of them supplied his own mathematical theorem while under

taking to overhaul the fundamental features of Ptolemaic astronomy. 

The Work of 'Ur<;II 

'Ur<;II thought that Ptolemy's models for the sun were adequate enough, 

and that Ptolemy's choice of the simple eccentric model was innocuous 

enough, that it did not deserve any special transformation. Neither 'Ur<;II 

nor Ptolemy ventured to state explicitly what he really thought of the 

epicyclic model, posited by Ptolemy at least as an alternative to the "offen

sive" eccentric model. One suspects that the ubiquitous use of epicycles in 

all other planetary models, and the impossibility of their replacement, may 

have made their use a necessity that could not be avoided. But no one was 

willing to defend the use of those epicycles explicitly. Their final theoretical 

solution would not come until a century later with the works of Ibn al-Shatir 

(d. 1375) as we shall soon see. 

As for the motions of the moon and Mercury, and the notorious equants 

in both models, in addition to the prosneusis point in the case of the moon, 

'Ur<;II felt that he could not let things be. Instead he decided to take advan

tage of the similarities between the two models, and tried to reconfigure 

them by adopting three new steps. First he decided to shift the directions 

of the motions of the various spheres. Then he adjusted the magnitudes of 

those motions. And finally he tried, in a global way, to avoid the Ptolemaic 

handicaps that plagued both models by making all spheres move uniformly 

on axis that passed through their centers. At this point he still restricted 

himself to the mathematics that was available to Ptolemy from Euclid's 

Elements, for example, without having to offer any new mathematical 

propositions of his own. There were times though when he would venture 



1 52 Chapter 4 

to say that he faulted Ptolemy for his inability to theorize (/.lads) properly, 

but would still express his full admiration for Ptolemy's observational and 

mathematical control of the data. Such shifts in theorizing, as long as they 

did not involve the introduction of new material like the trigonometric 

functions, were quietly introduced nevertheless without much fuss. 

But when it came to the model of the upper planets, 'UrQI felt that the 

Ptolemaic model was no longer redeemable, and thus had to be reconfigured 

in a fundamental way. It was there that he proposed to introduce what has 

now become known in the literature as 'UrQI's Lemma in order to resolve the 

very thorny issue of the equant problem. At this point, 'UrQI's concern was 

no longer focused on the cosmological choices of eccentrics versus epicyclic 

models, but was focused on the more fundamental equant stipulation which 

forced the very sphere that was supposed to carry out the motion of the 

epicycle to loose its sphericity. This physical impossibility could not be tol

erated, and still pretend to carry out astronomical theorizing, as these 

astronomers saw their functions to be. Instead, 'UrQI approached the prob

lem of the model of the upper planets with the mathematically rigorous 

manner it deserved. 

After demonstrating the physical failings of Ptolemy's model, he went on 

a tangent and said that in order to theorize better about the motions of those 

planets, he needed to introduce a new theorem, the statement of which 

could be rephrased thus: Given any two equal lines that form equal angles 

with a base line, either internally or externally, the line joining the extrem

ities of those two lines would be parallel to the base line.24 

Taken on its own, 'UrQI's Lemma looked like a generalization of Apollo

nius's theorem, in that the equal angles needed for the proof of the paral

lelism of the end line with the base line are no longer restricted to the 

exterior angles used in the construction of the epicyclic model. Instead 'UrQI 

could show that the internal equal angles would produce the same effect of 

parallelism and thus could be used to rectify the instance of the equant with

out losing its observational value that had forced Ptolemy to adopt it in the 

first place. 

Instead of assuming (figure 4.6) that the epicycle is carried by a deferent 

that moved uniformly around an axis that did not pass through its center, 

as was done by Ptolemy, 'UrQI shifted the center of his new deferent to a 

point K, which was located halfway between the center of the old Ptolemaic 

deferent T and the equant point D. He then allowed this new deferent to 
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Figure 4.6 

'Urqi's model for the upper planets. By defining a new deferent with a center at K, 

halfway between the center of the Ptolemaic deferent T and the equant D, 'UrQI 

allowed that deferent to carry a small epicycle whose radius was equal to TK = KD. 

He made the small epicycle move at the same speed as the new deferent, and in the 

same direction. By applying his own lemma, 'Urqi could demonstrate that line ZD, 

which joined the tip of the radius of the small epicycle to the equant, would always 

be parallel to line KN, which joined the center of the new deferent to the center of 

the small epicycle. He could also show that point Z, the tip of the radius of the small 

epicycle, came so close to the point 0, which was the center of the Ptolemaic epi

cycle, that the two points could not be distinguished. Then it was easy to see that 

the uniform motion of 0 that Ptolemy thought took place around point D was indeed 

a uniform motion around point N which in turn moved uniformly around K, thus 

making Z appear to be moving uniformly around D and satisfying the Ptolemaic 

observations. 
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carry a small epicycle whose radius was equal to half the Ptolemaic eccen

tricity, or equal to the same magnitude by which the center of the deferent 

was shifted in the first place. The small epicycle moved at the same speed 

as the old Ptolemaic deferent, and in the same direction, and in turn car

ried the Ptolemaic epicycle. The combination of the equal motions allowed 

the lines joining the extremities of the small epicycle's radius to points K 

and D respectively to be always parallel. This made the center of the Ptole

maic epicycle, now carried at the extremity of 'Un;ll's small epicycle, look 

like it was moving uniformly around the Ptolemaic equant. In fact it moved 

around the center of its own small epicycle, and the center of that epicycle, 

in turn, moved around the center of the new deferent. With all spheres now 

moving uniformly, in place, around axis that passed through their centers, 

'Ur<;ll managed to avoid the absurdity of the Ptolemaic equant altogether, 

and, at the same time, still retain its observational value, as was required by 

the Ptolemaic observations. 

'Ur<;ll's Lemma, introduced through the mechanism of the small circle 

in the model for the upper planets, proved to be a very useful tool for other 

astronomers and at other occasions as well. A whole host of astronomers 

ended up using it in order to construct their own alternative models to those 

of Ptolemy. Astronomers such as Qutb al-Dln al-Sh!razl (d. 131 1) used it in 

his lunar model. While Ibn al-Shatir of Damascus (d. 1375) ended up using 

it in more than one of his own models. 'Ala' al-Dln al-Qushjl (d. 1474) used 

it in his model for the planet Mercury, and Shams al-Dln al-Khafrl (d. 1550) 

made a double use of it in his own model for the upper planets. Finally, 

Copernicus (d. 1 543) used it for the same model of the upper planets. As it 

turned out, this mathematical tool became very fecund in the construction 

of all sorts of responses to Greek astronomy. 

From that perspective, this relatively simple lemma proved to be an epoch 

maker, just like the Tiisl Couple, which will be mentioned later. And like the 

Tiisl Couple too, once it was discovered, it allowed several generations of 

astronomers to think differently about Ptolemaic astronomy, and about the 

possibilities with which this astronomy could be reformed. 

As far as 'Ur<;ll was concerned, it turned out that with one new theorem, 

and with small adjustments to the directions and magnitudes of motions, 

he could reconfigure the whole body of Ptolemaic astronomy, and still pro

duce his own configuration that was free of the absurdities of the equant and 

the like. In that regard he ended up playing a pivotal role in the develop-
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ment of Arabic astronomy, a role comparable only to that of Na�!r al-D!n al

Tus! (d. 1274) as we shall soon see. His work on the planetary latitudes, how

ever, like the work of all the other medieval astronomers, up to and 

including Copernicus, it could not resolve the major issues with Ptolemaic 

astronomy as elegantly as it could solve the longitudinal component. 

Na�!r ai-Dln al-Tus! 

'Urc,H's former boss at the Maragha observatory came to his own solution of 

the equant problem in a slightly different fashion. To him, the problem was 

not fundamentally a problem of an epicycle that moved uniformly around 

an equant point, thus creating the physical absurdity, but was more a prob

lem of a uniform motion that was observed from varying distances thus 

appearing to be non-uniform. One way of thinking about it was to allow the 

center of the epicycle in the model for the upper planets to move uniformly 

while at the same time still allow it to draw close to the point of Ptolemy's 

equant when close to the apogee, and move away while at perigee. This 

motion would in effect duplicate the phenomenon that Ptolemy said was 

exhibited by the observations. Therefore one could solve the problem if 

he/she could devise a way in which a body moving in uniform circular 

motion could still be allowed to come close to a specific point and draw 

away from it while at the same time retain the uniform circular motion 

undisturbed. The net effect would be that the body would be perceived to 

move at varying speed in an oscillating motion with respect to that point 

when, in fact, it would in itself continue to move in uniform circular 

motion. The problem was to achieve an oscillating motion in the realm of 

spheres that were all supposed to move uniformly around their own centers. 

The idea of an oscillating motion resulting from circular motion seems to 

have occurred to Tiis! when he was tackling the problem of the Ptolemaic 

latitude theory. This was apparently the same circumstance under which 

Copernicus reached the same connection between the two phenomena.25 

Later on in the Commentariolus, and while describing the motions of the 

planet Mercury, Copernicus goes further by clearly making reference to 

the second connection between the motions of Mercury and the motions in 

latitude. At that point he does in fact describe the same Tiisi Couple that he 

used for his own Mercury Model as being related to the motions that he had 

already described in the latitude theory.26 This very connection between the 
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genesis of the Tusl Couple and the motion in the latitude theory first came 

about when Tlisl had already noted, some three centuries before Coperni

cus, in his TalJr!r that the oscillating motions described by Ptolemy in the 

latitude theory could be accounted for by a combination of two circular 

motions. Once construed as such, the net effect of the motion of the Tlisl 

Couple could in addition account for the Ptolemaic statement regarding the 

inclined planes of the lower planets Mercury and Venus, which were sup

posed to seesaw in order to produce the latitudinal motion of these planets. 

The elegance and superiority of this solution of the oscillating motion, 

through a deployment of a Tlisl Couple, becomes very clear when we 

remember Ptolemy's alternative suggestion of having the tips of the diame

ter of the inclined plane be attached to two "small circles" so that he could 

achieve that seesawing motion-a motion that would, at the same time, 

destroy the longitudinal motion on account of the resulting wobbling 

necessitated by the "small circles." It was in that context that Tlisl felt that 

Ptolemy's speech was outside the craft of astronomy. 

Instead Tlisl suggested that one could achieve a better seesawing effect, 

without having to accept the necessary result of wobbling. And in order to 

do that, Tlisl then produced a rudimentary construction of two small circles 

of his own, which were fitted in such a way that one of them rode on the cir

cumference of the other, and had the tip of the diameter of the inclined 

plane attached to the circumference of the second circle as well. When the 

motions of the two circles were supposed to be in such a way that the one 

riding on the circumference moved at twice the speed as the other one and 

in the opposite direction, then the point at the very tip of the circumference 

of the riding circle, i.e. the tip of the diameter of the inclined plane, would 

end up oscillating along the joint diameter of the two circles as a result of 

their uniform circular motions. This produced at once an oscillating motion 

from two combined uniform circular motions, and allowed the tip of the cir

cumference of the riding circle to oscillate along a straight line, thus keep

ing it from wobbling. The combined effect of Tlisl's two circles successfully 

produced a straight motion by combining two circular motions, a result that 

was to have tremendous effects on later astronomers. 

About 13 years after he wrote the TalJr!r (that is, around 1260 or 1261), 

Tlisl developed the idea further in his al-Tadhkira fT al-Hay'a (Memoir on 

Astronomy), and produced it in the form of a theorem, that is now called 

the Tlisl Couple (figure 4. 7). He did reach the same conclusion a few years 
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A 
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B 

Figure 4.7 

The Tiisi Couple. If two spheres such as AGB and GHD touched internally at point A,  

and if AGB's diameter was twice as large as that of GHD, and if the larger sphere moved 

uniformly in the direction indicated, and the smaller sphere moved in the opposite 

direction, at twice the speed, then point A would oscillate up and down the diameter 

of the larger sphere AB. 



1 58 Chapter 4 

earlier when he included the same theorem in his Persian text Dhayl-i 

Mu'fnfya, whose date of composition is still uncertain but has to be some

time between the publication of the Taf)rfr in 1247 and the Tadhkira in 

1260/61 ,  where the theorem is fully stated and proved. 

The theorem itself spoke of two spheres, instead of circles, one of them 

twice the size of the other, and placed in such a way that the smaller sphere 

was internally tangent to the bigger sphere as in figure 4.7 (1 ) .  Then Tus1 

went on to prove that when the larger sphere moved uniformly at any 

speed, while the smaller one also moved uniformly, but in the opposite 

direction, at twice the speed, then the common point of tangency would 

end up oscillating along the diameter of the larger sphere. 

Once he had generalized that theorem, he knew he had found a fecund 

theorem that could be used whenever one needed to produce linear 

motion as a result of combined circular motions. He then went on to pro

duce, in the same Tadhkira, a formal proof for the theorem, as in figure 4.7, 

and later applied it to construct two of his alternative models: the lunar 

model and the model for the upper planets. In this fashion he then man

aged to solve the equant problem in the two respective Ptolemaic models 

for those planets. 

The success of this theorem had widespread repercussions. It ended up 

being used by almost every serious astronomer that followed Tlis1, includ

ing the Renaissance astronomers such as Copernicus and his contempo

raries, as we have already hinted and shall see again in more detail later 

on. In contrast to Copernicus however, the only place where Tus1 failed to 

apply his Couple, was in the case of the planet Mercury, whose behavior 

was quite challenging for Tlis1 as we have already seen. When discussing that 

planet's motions in particular, Tlis1 unambiguously declared that although 

he succeeded in solving the equant problem of the models of the moon and 

the upper planets, he was hoping to complete his task later on by solving 

the equant problem of Mercury, to which he had no new things to add at 

the time. 

Tlisi's student and colleague Qutb al-Dln al-Sh1razl (d. 1 3 1 1 )  made use of 

'Ur<;ll's Lemma twice, once in developing his lunar model, and the other 

time when he adopted the same model for the upper planets as that of 'Ur<;ll. 

In the lunar model (figure 4.8),  he avoided the use of the Ptolemaic equant 

by bisecting the eccentricity of Ptolemy's deferent for the moon, and adjust

ing for it by positing a small circle at the circumference that satisfied the 
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Shirazi's lunar model. By taking a new deferent whose center was halfway between 

the center of the world 0 and the center of the Ptolemaic deferent /, Shirazi compen

sated for that by introducing a new small epicycle, with center H, whose radius was 

equal to the same distance between the two centers of the respective deferents. By 

making the small epicycle move at the same speed as the new deferent, and in the 

same direction he managed to satisfy the conditions for 'Ur<;li's Lemma, which could 

now be applied to lines HE and OF, thus making line EO always parallel to line HF, 

and making the epicycle center C appear to be moving around the center of the 

universe 0. 
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same conditions 'Unfi's small circle satisfied in the case of the upper planets. 

That is, he allowed the small circle to move at the same speed as the defer

ent and in the same direction thus satisfying the condition of having two 

interior angles equal, and thus produced the parallel lines. The new arrange

ment, as suggested by Shirazi, made sure that the small circle, which moved 

uniformly around the center of its own deferent, also had the tip of its radius 

seem as if it was moving uniformly around the center of the world, which 

in turn was the observational condition Ptolemy's model satisfied. Thus by 

positing the Ptolemaic lunar epicycle at the tip of that radius the moon 

would then move around its own epicycle, but at the same time was seen to 

satisfy the same observational conditions it satisfied in Ptolemy's case. 

In the case of the planet Mercury, Shirazi gave some nine models that 

could describe the motion of this planet. Those models are detailed in two 

of his most famous works, the Nihayat al-idrak (f dirayat al-af/ak (the ulti

mate understanding regarding the comprehension of the spheres), and the 

Tul:zfa Shahlya (the Royal Gift). In a still later work (Fa'altu fa-/a talum, 

meaning "I had to do it thus don't blame"), he signaled that seven of those 

models were faulty. Furthermore, one of the last two was also wrong. But 

the determination of which one was left unsaid so that Shirazi could test the 

intelligence of his readers, as he boldly claimed. The chosen model, which 

he finally claimed was the correct one, involved the use of two sets of the Tiisi 

Couple, arranged in such a way that it could successfully avoid the use of the 

Ptolemaic equant but preserved its effect and the conditions it entailed. That 

is, the final center of Mercury's epicycle seemed as if it moved around the 

point designated as the equant by Ptolemy, without ever having to have that 

motion come about as the product of uniform circular motions of any 

sphere around an axis that did not pass through its center. 

Shirazi did not offer any new theorems, but obviously he benefited from 

his two contemporary astronomers, and deployed their theorems to the 

best of his abilities. One wonders why, for example, he opted to use 'Urc;II's 

model for the upper planets instead of the equally good model of Tiisl. But 

one has to also acknowledge that even if we cannot answer the question in 

the present circumstances, we can certainly affirm that Shirazi had at least 

two options and that he chose the one that deployed 'Urc;!I's Lemma for his 

solution of the lunar model as well as the model of the upper planets, and 

reserved the double use of the Tiisi Couple for his Mercury model. One has 

to also acknowledge that Shirazi's double use of the Tiisi Couple for the 
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planet Mercury, was in itself a significant step, not only because he suc

ceeded where Tlisi had already declared failure, but because he seems to have 

put into wider circulation a novel idea, such as the double use of the Tusi 

Couple, which was itself a remarkable departure from the accepted Ptole

maic astronomy when it used once. This remarkable achievement of Shirazi 

does not only put him at the forefront of the astronomers of his time, but 

allows us to see how novel ideas began to take hold in the scientific culture. 

They apparently succeeded when they began to be accepted and deployed 

by their contemporaries. 

Shirazi insisted that one could begin to think of solving the observational 

behaviors of the planets by applying different mathematical techniques and 

producing more than one mathematical model. At the same time though, 

Shirazi was still under the impression that some mathematical solutions are 

more "true" than others. This attitude will become considerably important 

later on when we consider yet another conceptual shift as the one taken in 

the works of Shams al-Din al-Khafri (d. 1 550). Properly speaking, Shirazi's 

work lies at the beginning of a tradition that began to seek alternative 

mathematical solutions to the same physical problem. But at that early 

stage, the tradition still sought true mathematical solutions that could 

properly describe the motions of the planets. This tradition would not 

mature until the time of Khafri. But just by seeking alternative mathemat

ical solutions, and thus new ways of thinking about the problems, allows 

us to group Shirazi with Ur<;II and Tlisi, who also created new shifts in the 

articulation of responses to Ptolemaic astronomy. 

But because Shirazi also tried to group together a series of solutions which 

were offered by his predecessors, a series that he called u�iil (principles/ 

hypotheses)27, and which included such concepts as the eccentric versus 

the epicyclic models as two such principles, he can also be considered as the 

forerunner of the work of someone like Ibn al-Shatir (d. 1375), who came 

about half a century later, and who also used the solutions of his predeces

sors, and also globally called them u�iil, as in his ta�/:11/:1 al-ii�iil (correction of 

principles). In the case of Ibn al-Shatir, he too went beyond his predecessors 

and managed to succeed where they failed, again as in the case of the Mer

cury model that was correctly solved by Ibn al-Shatir when Tlisi had failed 

to accomplish that. But Ibn al-Shatir did more still, and deliberately carved 

new directions for his astronomy that also proved to be very productive for 

the Renaissance scientists. 
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'Ala' ai-Din Ibn ai-Shatir of Damascus (d. 1 375) 

There are several features that distinguish the works of this remarkable 

astronomer who apparently spent his professional life working as a time

keeper at the central Umayyad mosque of Damascus. Although we do not 

know much about the details of his job description as a muwaqqit (time

keeper), his works, both the extant as well as the non-extant, lead us to 

assume that in his "spare time" he indeed managed to develop one of the 

most successful attempts at overhauling Greek astronomy. Not only did Ibn 

al-Shatir profit from the astronomers who preceded him with their own 

attempts to reform Greek astronomy, but he managed to produce some 

remarkable conceptual shifts of his own in the way astronomy was to be per

ceived and practiced. 

To start with, Ibn al-Shatir went back to the very foundations of astron

omy and insisted on resolving the very first problem of Greek astronomy: a 

choice between an eccentric and an epicyclic model. To him that choice was 

definitely limited, for one could not in any way justify the use of eccentrics. 

To his mind eccentrics represented a clear violation of the Aristotelian prin

ciple of the centrality of the Earth, which up till his time at least made per

fect sense within the overall universal cosmology of Aristotle. On that count 

he insisted that all of his models would adhere to these principles, and 

would be strictly geocentric. Furthermore, all of his models also shunned 

the eccentrics completely. 

That left him with the problem of epicycles, which, as we have seen, 

had to be used in all the other planets except the sun. On that round he had 

some very original remarks to make, and as far as I can tell he was the first, 

and probably the only one, to insist on making them. First he made the gen

eral observation that the sizes of some of the fixed stars were in fact much 

larger than the sizes of the largest planetary epicycles. Second, when it 

came to the nature of the epicycles themselves, he tossed the ball back to 

Aristotle's court and to the court of his followers. Aristotle and his followers 

had insisted that the epicycles were not permissible because they would 

introduce a center of heaviness around which the sphere of the epicycle 

would move, and thus constitute an element of composition in the celestial 

domain, which was supposed by Aristotle to have been fully made of the 

simple element ether. Here Ibn al-Shatir wondered how could that be, when 

everyone knew that the stars which were carried by spheres that were made 
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of the same element ether emitted a light we can all see, while no such light 

was emitted by the spheres themselves? How could one part of the sphere, 

where the star was located, emit all that light, while the other part remain 

dark, or transparent, and still be called a simple sphere? How could the 

sphere and the star that it carried be both made of the same simple element 

ether and have such divergent appearances? Once it was admitted that such 

phenomena existed, and there was no way to deny something that every

one could verify for himself, it became obvious to Ibn al-Shatir that at least 

the lower celestial spheres of Aristotle, by which the stars and the planets 

were supposed to be moved, had to admit some kind of composition. Only 

the uppermost sphere, the one beyond the eighth sphere that was only 

responsible for the daily motion of the whole, but carried no stars of its own, 

that sphere could remain as simple as Aristotle would want it to be. 

That reasoning allowed him to conclude that the composition introduced 

by the planetary epicycles should at least be as acceptable as the composi

tion, which was already implied by the existence of the fixed stars and plan

ets that everyone could obviously see in the skies. 

Having "solved" the problem of the epicycles in this fashion, he then 

went ahead and systematically banished all eccentric circles from his mod

els. Instead he substituted epicycles for the eccentricities in each case, in a 

manner very similar to the application of the Apollonius theorem where the 

epicyclic model could easily replace the eccentric one. As a result, he then 

managed to produce a set of models that were all unified by their strict geo

centrism. And in order to achieve that throughout he used a combination 

of two well-known principles that had already been used: the Apollonius 

equation and 'Ur<;II's Lemma. The latter allowed him to adjust for the Ptole

maic equant by adding yet another epicycle, which was used by 'Ur<;II in the 

model for the upper planets. 

And because all his models were geocentric and used the same two "prin

ciples" to solve the equant problem, they also managed to expunge from 

Ptolemaic astronomy the variety of approaches that were adopted by 

Ptolemy in his quadripartite model structures-different models for the 

Sun, the Moon, the upper planets, and Mercury. With the exception of the 

Mercury model, all the other models of Ibn al-Shatir had identical con

structions but whose representation of the planetary motions were simply 

manipulated by the sizes and speeds of the various epicycles he had to 

deploy. In the case of Mercury, he only introduced an additional use of the 
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Tlisi Couple at the last step, but continued to use in it the two other prin

ciples j ust mentioned. This procedure was also followed some two cen

turies later by Copernicus, and for the same planet: Mercury. 

One additional advantage resulted from this systematic use of geocentric

ity, which was to come in handy later on during the European Renaissance: 

the unification of all the Ptolemaic geocentric models under one structure 

that lent itself to the simple shift of the centrality of the universe from the 

Earth to the sun, thus producing heliocentrism, without having to make 

any changes in the rest of the models that accounted well for the Ptolemaic 

observations resulting from the equant. As we shall see later on, it may not 

have been entirely accidental that Copernicus ended up relying so heavily 

on the works of Ibn al-Shatir when he used, among other things, a lunar 

model that was identical to that of Ibn al-Shatir, and used the same Tlisi 

Couple, in the same fashion as was done by Ibn al-Shatir, in order to account 

for the motion of Mercury. 

And despite common legends that claim that Copernicus was attempting 

to get rid of the equant,28 by adopting Ibn al-Shatir's techniques, and just 

shifting the direction of the line that connected the sun to the Earth, he 

could in fact retain the observational value of the equant, without having to 

assume, as was done by Ptolemy, the existence of a sphere that could move 

uniformly around an axis that did not pass through its center. 

In addition to the flexibility of Ibn al-Shatir's models, and his full control 

of the mathematics that allowed him to adjust his models so that they 

would fit the observations, Ibn al-Shatir also made another unprecedented 

step. He was the only one of the astronomers in the Islamic domain who 

seems to have devoted a whole book (Ta'lfq al-ar$iid, meaning Accounting 

for Observations) to this particular relationship between observations and 

the construction of predictive models that could satisfy those observations. 

The book seems to be unfortunately lost, and thus we may never know the 

extent of his theorizing in this regard. But it is extremely significant that he 

did undertake the writing of such a book. 

And even if we have to assume that Ta'lfq al-ar$iid is lost to us, we still 

have some inkling about the methods and contents of that book from a 

few instances where such approaches have been followed in his surviving 

works, and in particular, in his Nihayat al-sul fi ta$1;111;1 al-u$Ul (The Final 

Quest Regarding the Rectification of [Astronomical] Principles). In this last 

book, we are explicitly told that Ibn al-Shatir had conducted his own obser-
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vations in order to determine the apparent sizes of the two luminaries.29 

And we are also told that with those new results, which varied considerably 

from the values given by Ptolemy, he managed to construct a new model for 

the sun which was also at variance with the Ptolemaic model. In essence, 

this work demonstrates quite clearly Ibn al-Shatir's ability to construct the

oretical models that were based on observational results, just as was done 

by Ptolemy, but without committing the inconsistencies of Ptolemy. It is 

in such instances that the centrality of Ibn al-Shatir's work can best be 

appreciated, and his relationship to Copernican astronomy can be better 

understood. 

Shams ai-Dfn ai-Khafrl and the Role of Mathematics in Astronomical 

Theory 

In all the previous Islamic responses to Greek astronomy one can detect a 

consistent tendency to solve the problems of that astronomy one problem 

at a time. From the prosneusis point, to the equant, and finally to the har

mony between observations and predictive models, what the astronomers 

seemed to be doing was developing theorems and techniques that allowed 

them to reconstruct Ptolemaic astronomy along lines that would make that 

astronomy consistent with its own physical and cosmological presupposi

tions. What the predecessors of Khafri seemed to be doing was trying to 

cleanse Ptolemy's astronomy from its faults, by using new mathematical 

techniques and theorems that were either unknown to Ptolemy or unno

ticed by him. No one though seemed to think of the very act of mathemat

ical theorizing itself and its relationship to the physical phenomena that 

were being described until Khafrl. 

With Khafri, Islamic astronomy moved to still newer territory. He was the 

first to begin thinking about the role of mathematical representation itself, 

the functionality of predictive models, and the relationship of all that to 

the actual physical phenomena. We had already noted the beginnings of 

this kind of thinking when we described Qutb al-Dln al-Shirazi's attempt at 

producing nine different models for the planet Mercury as a new step that 

marked the search for mathematical alternatives to the ones that were 

inherited from Ptolemy. But we also noted Shirazi's failure to pursue this 

line of thought when he seemed to have been still mired in the process of 

finding a unique solution, or say a unique representation, of the physical 
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phenomenon that could be summed up in one true mathematical model. He 

spoke of such truths himself, for he was the one to alert his reader that of all 

the nine models he proposed for the planet Mercury in two of his books, 

seven were faulty by his own admission, while the eighth was left to the stu

dent to figure out its failings, and only the ninth was the true solution. So 

despite the fact that he was beginning to think that there were alternate 

mathematical techniques to describe the same physical phenomenon, he 

still thought that those techniques must climax in a unique solution that 

represented the truth of the matter. 

With Qushjl (d. 1474) we can begin to see this trend pushed slightly for

ward. For although he must have known that Shirazi's model for Mercury 

solved the problems of the Ptolemaic model quite adequately, he still felt he 

could produce one more model that could do the same, which he did with 

his own new model. Was he thinking that his model, which relied entirely 

on 'Un;II's Lemma to solve Mercury's equant problem, was only an alterna

tive to that of Shirazi, which used only the Tiisi Couple, in the sense that it 

was a deployment of an alternative theorem to solve the same problem, or 

was he in fact thinking that the problem itself admitted multiple solutions? 

At this stage, we do not yet know. But from the fact that Qusji's treatise on 

the Mercury model is a very short treatise devoted to this model only, one 

can presume that he was thinking of it as an alternative to Shirazi's and thus 

as just another way of thinking of mathematics. 

With Khafri the issue becomes very clear. In one full swoop he pro

duced four different models for Mercury's motions, which he called wujuh 

(approaches), all of them accounting for the observations in exactly the 

same fashion, and none of them similar to the others in terms of its mathe

matical constructions. It is as if Khafri had finally realized that there was a 

difference between two ways of thinking about Apollonius's theorem. On 

the one hand it could be thought of as representing two different cosmo

logical solutions for the conflict between Aristotelian presuppositions and 

observations, and it can be thought of as two different mathematical ways 

of speaking about the variation of the solar speed with respect to an observer 

on Earth. It is the latter understanding that was finally realized by Khafri's 

wujuh, far all his four models were mathematically equivalent in the same 

way the eccentric representation was mathematically equivalent to the 

epicyclic one. And although it is not stated in quite those terms, one could 

almost hear Khafri say that the mathematical models he was devising were 

only different linguistic phrases used to describe the same phenomenon. 
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Seen as a tool, mathematics in the hands of Khafri would become just 

another language of science, a tool to describe physical phenomena, and 

nowhere required to embody the truth or the correct representation, as was 

apparently thought by Shirazi before.30 Mathematics became just as simple 

as describing a phenomenon with poetic language, with prose, or with 

mathematical figures, and as such the language itself can then be isolated 

from the phenomenon itself. 

Conclusion 

By focusing on the major shifts in astronomical thought that character

ized the Islamic responses to Greek astronomy, it is now easy to see in hind

sight the major features of these shifts. We can see how important it was to 

explore the full technical details of the most sophisticated Greek astronom

ical texts (the works of Ptolemy), not only to correct their mistakes, obser

vational and otherwise, but also to investigate their presuppositions and the 

manner in which they related the observed phenomena to the methods of 

representation that allowed for the prediction of those phenomena. This 

close look at the foundations of those texts gave rise, as we have seen, to a 

series of Arabic texts written specifically for the purpose of critiquing the 

shortcomings of this imported Greek tradition. From istidriik to shukuk, to 

straight forward rejection, all this full exposure left the Greek astronomical 

tradition in desperate need of reform. 

The most important transformation that took place during this time was 

the shift from Ptolemy's instrumental approach to astronomy (which sat

isfied itself with the pragmatic success of the predictive features of the 

mathematical models) to a more theoretical approach which required that 

predictive results be consistent not only with the observations but also with 

the cosmological presuppositions of the observations themselves. In other 

words, in Islamic astronomy, it was no longer sufficient to say that a specific 

predictive mathematical model, such as that of Ptolemy, gave good results 

about the positions of the planets for a specific time. The new requirement 

was that the model itself should also be a consistent representation of the 

cosmological presuppositions of the universe, in addition to its accounting 

for the observations. If the universe was composed of combinations of 

spheres, and if those spheres were, by their very nature, supposed to move 

in uniform circular motions, then it was no longer acceptable to represent 

those spheres with mathematical models that deprived those spheres of 
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their essential properties of sphericities and satisfy one's self by saying that 

they yielded good predictive results. 

What seems to have happened during the confrontation between the 

receiving Islamic civilization and the imported Greek tradition, which we 

know was very closely watched by various sectors of the society, was to 

subject this incoming tradition to all sorts of exacting criteria before it was 

allowed to survive the cultural critique to which it was subjected. In that 

context, astronomy was no longer a discipline that only supplied good 

answers about the positions of the planets, or good enough answers for an 

astrologer to cast a horoscope. But with the Islamic religious aversion toward 

astrology itself and toward the craft in general, astronomy had to define 

itself as a discipline that went beyond that simple predictive feature and had 

to pose itself as raising questions of much greater relevance to a wider and 

larger world view that required exacting measures at every turn. The astron

omer had to attend to all larger intellectual questions that had any bearing 

on his craft. In that concern the astronomer could no longer afford to seem 

as if he was satisfied with a confused picture of the universe, as long as he 

could achieve reliable results for astrological prognostications. Astronomy 

had to prove its usefulness to the new social and cultural environment 

within which it had to struggle. It could only do so by engaging the theo

retical criticism of the very foundation of Greek astronomy. 

In that context, one can then understand why no one could continue to 

tolerate two different visions of the nature of the universe that were in direct 

conflict with one another. One could not isolate the results presented in the 

Almagest, as mere computational and mathematical tools that could predict 

the positions of the planets at specific times, and say that they were irrele

vant to the physical universe presented in the Planetary Hypotheses. To be 

fair, Ptolemy never really claimed that. On the contrary; throughout the 

Almagest he repeatedly hinted to the necessity of keeping the universe of 

the Planetary Hypotheses in mind. But at the same time he still went ahead 

and violated almost every feature of that universe by representing it with 

mathematical concepts that were totally divorced from their very mathe

matical properties. The example of the equant spoke directly to this point, 

where the spheres of the Planetary Hypotheses lost their very properties of 

spheres, if one were to represent them only in the manner in which they 

were represented in the Almagest. 

With those fundamental oppositions, the job of the astronomer in the 

receiving Islamic culture became focused on those very issues of consistency 
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between the vision of the Planetary Hypotheses and the representations of 

that vision in the Almagest. In the first phase of the response to the Greek 

astronomical tradition, the problem was perceived as a problem of sophisti

cating the techniques of representation, that is, the deployment of the same 

mathematics that was used by Ptolemy in order to reconfigure the represen

tations so that they would be more faithful to the objects that they were rep

resenting. Someone like Abu 'Ubayd al-Juzjan1 (d. ca. 1070), the famous 

student of Avicenna (d. ca. 103 7) did just that in his failed attempt to reform 

the representation of what later on became the equant problem. It took 

about two centuries to realize that Ptolemy's mathematics itself was inade

quate, and that new mathematics had to be invented for the purpose. 

The works of 'Urql and Tiisl ushered in the second, more important 

phase, when they spoke directly to that need of creating new mathematics. 

And each of them had a new theorem to add. Several astronomers, who used 

the newly enriched mathematics, and who also began to speculate about the 

various ways with which the physical phenomena could be mathematically 

represented, followed them. The nine attempts at representing the motions 

of the planet Mercury, which were devised by Tiisl's student and colleague 

Qutb al-Dln al-Shlrazl, and the later attempt by 'Ala' al-Dln al-Qushjl to pro

duce one more model for the motion of Mercury, fall in that category. This 

trend of re-defining mathematics as a language to describe the physical phe

nomena was to reach its climax with the works of Khafr1 who finally gave 

concrete examples of four different mathematical models that described 

the motions of the planet Mercury, and yet were all exactly mathematically 

equivalent. In this fashion he could demonstrate, although never stated 

explicitly as such, that such physical phenomena did not yield unique 

mathematical solutions, but almost as many as the human imagination 

could conjure up, in exactly the same way a specific fact could be describe 

by an endless variations of the language. 

With Ibn al-Shatir, the reorientation of astronomy took yet another turn, 

going back to the very cosmological foundations that were at the base of all 

phenomena as well as to the representations of those phenomena. Ibn al

Shatir ended up re-questioning the very use of the concept of eccentrics, and 

finding it cosmologically inconsistent with the cosmological foundations it 

was supposed to represent. When faced with the inevitable alternative of the 

epicycle, he insisted that such a tool be used despite the fact that the then 

current Aristotelian interpretation of his time thought of the epicycle as 

alien to the Aristotlian universe. Instead of giving up and pleading human 
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imperfection, as was done by Ptolemy when the latter failed to find repre

sentations that were consistent with his own cosmological presuppositions, 

Ibn al-Shatir went back to the Aristotelian universe itself in order to criticize 

its inconsistencies and to point to the fact that such epicycles were, in a 

strict sense, consistent with an Aristotelian universe if the latter was prop

erly understood. 

Having banished all eccentrics in his representation of planetary motion, 

and having seen the essential similarities of all such motions in that they 

could all be represented by the same kind of model with a minor additional 

adjustment for the planet Mercury, Ibn al-Shatir went on to re-examine the 

relationship between the observed phenomenon and the mathematical 

models that were supposed to represent it. His readiness to adapt his math

ematical models to match the observations speaks volumes about his prior

ities and about his ultimate re-definition of astronomy. To Ibn al-Shatir, 

astronomy was first and foremost a discipline that produced a systematic 

and accurate description of the behavior of the real universe around us. That 

description itself had to be a scientific mathematical representation that 

could only be a statement that described the reality of the observations. 

Seeing these developments in Islamic astronomy in this fashion allows us 

to see how demanding the receiving culture was, and how its very demands 

required that its own scientific thought continued to be progressively 

defined and perfected according to the ever-changing criteria of precision 

and consistency that this culture imposed upon itself. 



5 Science between Philosophy and Religion: T he Case 

of Astronomy 

The previous chapters focused on the social, political, and economic condi

tions that gave rise to and sustained science in the Islamic civilization. We 

had a chance to draw very broadly on the historical as well as the scientific 

sources themselves in order to illustrate with particular examples how these 

processes of motivation and encouragement as well as reward worked in 

order to enable certain scientific disciplines to be born, others to be aban

doned, and still others to be maintained and reconstructed. We hinted 

several times already that we used the discipline of Astronomy only as a 

template simply because there was a methodological need to anchor the his

toriographic suggestions in a particular discipline in order to contextualize 

the much harder to document social forces at work. 

At various occasions, reference was often made to societal forces that 

required new disciplines to be created, as in the case of 'ilm al-m!qiit, 'ilm 

al-farii'icj, and 'ilm al-hay'a, while at other occasions we hinted, again very 

briefly, to inner logical transformations within the disciplines themselves 

that gave rise to other disciplines as in the case of the development of trig

onometric theory as a result of the need to satisfy solutions of spherical 

trigonometric nature. The natural consequence of the adoption of the 

new trigonometry was the demise of the old Greek chord functions, and 

the old Greek methods of solving spherical trigonometric problems. 

At all those occasions this historiographic research was guided by the need 

to explain the historical and scientific facts as we know them from the 

extant sources. Again the emphasis was laid on the discipline of astronomy 

for illustrative purposes only; always hoping that colleagues, who work in 

other disciplines, would subject the general conclusions, which are reached 

in the context of the new methodological approach to the history of Islamic 

science that is adopted with the alternative narrative, to the test of the 



1 72 Chapter 5 

data they already know from their own particular disciplines. With this 

approach, it was possible to reconstruct the developments in the discipline 

of astronomy and to detect, almost at each juncture, the motivations 

behind most of the new breakthroughs that indeed took place during the 

long history of Islamic astronomy. Various stages of astronomical thought 

began to congeal and make much better sense when they were perceived 

from within this process of contextualization. 

On several occasions, reference was made to general trends in the history 

of Islamic astronomy that were characterized as motivated by religious 

requirements. The identification of those trends and their twists and turns 

give hints of the necessarily complicated relationship between science and 

religion that I hoped to document within the context of the Islamic civi

lization. I needed to follow that path not only because we needed to know 

the extent to which certain religious ideas could motivate genuine scien

tific interest, or to know the role that was played by men of religion in the 

production of science, but I also needed to know if the prevalent model of 

antagonism between science and religion that seemed to work relatively 

well in the European context, as articulated by the ethos of the age of rea

son, would also work in the context of the Islamic civilization. And here 

again, there was constant recourse to the discipline of astronomy in order to 

illustrate the general developments with concrete examples at least from the 

scientific production of astronomical literature. 

While still focusing on the discipline of astronomy, the previous chapter 

tried to explore the subtle shifts that took place in that discipline. It spoke 

of those shifts as having occurred, on the one hand, as a result of the mere 

historical circumstances, like the happenstance of observing the same astro

nomical phenomena, which were observed by Ptolemy during the second 

century, from the vantage point of ninth-century Baghdad, thus making use 

of the accidental passage of about 700 years that could definitely refine the 

earlier results. On the other hand, it spoke of some shifts that were necessi

tated by the developments within astronomical thought itself, thereby 

necessitating the deployment of new mathematical theorems, new mathe

matical techniques, and finally new perception of the role of mathematics 

in such disciplines as the astronomical disciplines. The latter realization of 

the role of mathematics as a descriptive language for natural phenomena 

could certainly be applied to other scienfitic disciplines that could either 

corroborate or negate the processes that seem to have taken place in the 

astronomical field. 
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In all instances, much emphasis was placed on the role of the dynamic 

social, economic and political forces in forging the new conceptions of 

astronomical processes that finally led to the development of a uniquely 

conceived Islamic astronomy that was not a mere regurgitation of the older 

Greek astronomy, nor was it a total break from it, and yet was in a position 

to lay the foundation for a revolutionary upset of that astronomical tradi

tion. I was careful to note that all those developments, although they were 

conceived within the societal general context of struggling against the intru

sion of the "foreign sciences" into the Islamic civilization, they were at the 

same time developments that were necessitated by the very shortcomings of 

the Greek astronomical tradition itself, whether on the practical observa

tional level or on the more advanced theoretical one. But all those develop

ments, twists and turns, were all symptoms of this double tension, which 

was mentioned earlier, as resulting from a discipline that was forced to nego

tiate its place within the general accepted epistemological frame of the soci

ety on the one hand, and within the general epistemological innovations of 

the discipline itself on the other. 

This chapter will push this discussion a step further by focusing on the 

repercussions those developments generated, in terms of the new philo

sophical questions they raised, and will try to revisit the implications of 

those developments to the relationship between science and religion by 

using, once more, the illustrative and instructive role of astronomy. 

The Philosophical Dimension1 

All the theoretical astronomical works that we now know to have been pro

duced in the Islamic civilization between the ninth and sixteenth century 

were conceived within the general determining parameters of Aristotelian 

cosmology. With the exception of those treatise that were generally titled 

al-Hay'a al-sunniya (probably translatable as Orthodox astronomy)2 and 

classified under religious astronomy, all other treatises, whether consciously 

or not, assumed a geocentric spherical universe, in which planets and stars 

moved in place, in circular motions, at uniform speeds, and so on. The con

tours of this universe were already defined by the Aristotelian cosmology 

that was embedded in, and in fact claimed to be the basis of, Ptolemaic 

astronomy itself. 

In very general terms, one can characterize the whole tradition of Islamic 

theoretical astronomy, as a continuous attempt to save Ptolemy from his 
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own folly, in the sense trying to make his work more harmonious with the 

same Aristotelian cosmological principles that he had accepted, and at 

the same time attempt to take issue with him, and with Aristotle behind 

him, for all the contradictions their cosmological visions brought forth. But 

ironically as well, the whole Islamic theoretical astronomical tradition 

was also an attempt to save Aristotle, whenever his ideas were not con

tradictory, and at the same time abandon Aristotle, whenever his thought 

was found absurd. So in a deep sense, one can say that Islamic theoretical 

astronomy was a continuous debate with Aristotle, but was guided by a real 

sense of commitment to the physical universe of which those astronomers 

attempted to make some sense. 

One has to understand that this dialogue with Aristotle also took place in 

a culture that was first and foremost alien to the Greek culture of Aristotle, 

and had its own basic doctrinal premises that could not be violated. There 

was no way, for example, to disregard the organizing principle of religion 

itself, the existence of God, the revealed religion, etc., in any attempt to 

understand the universe itself. One did not need to speak directly to the 

issue of God's existence, while describing the motion of the planets and 

the creation of mathematical models that predicted their positions for any 

time and place. But one could not attempt to base these models and explan

atory techniques on the assumption of God's absence from the universe. As 

long as Aristotelian cosmology did not come in direct conflict with such fun

damental premises, the problem did not arise. 

But when the Aristotelian vision conceived of the concept of change in 

the world around us through a process of generation and corruption, and 

that generation and corruption itself was in turn dependent on the motion 

of the celestial bodies, then it came in conflict with the fundamental reli

gious principle which in turn perceived the Aristotelian cosmological vision 

as the founding vision of astrological theory. The implications of such a con

flict can be very serious indeed. For to think of human activity as directly 

influenced by the action of the celestial spheres, as some astrologers would 

in fact interpret Aristotle to say, meant that one could relieve the individual 

of his religious obligations, or at best relieve him of the consequences of his 

actions. It is in that context that astrology became the Achilles heel of Greek 

thought in general, and had a detrimental influence on the discipline of 

astronomy to which it was very closely related in the Greek tradition. 

In order to avoid charges of not heeding religious precepts, astronomers 

working in the environment of Islamic civilization had two choices to make: 
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Either disregard the religious authorities and continue to associate their dis

cipline with astrology as was done in the Greek sources before, or redefine 

the subject of their discipline as seeking to know the positions of the plan

ets without having to make any comments as to the astrological significance 

of those positions. For those who took the second option, their discipline 

became then willfully restricted to the empirical pursuit of planetary posi

tions just because the problem of the determination of such positions was 

in itself a challenge that needed to be met. Of course, they also opted to sup

port their work with the religious pronouncement that urged man to study 

the natural phenomena as signs of God's creation and indicators of the 

existence of God himself. � 

Whichever justification they used for their discipline, the net result 

remained the same: they attempted to construct mathematical models, that 

were true to cosmological presuppositions, in this instance Aristotelian pre

suppositions, and yet were capable of predicting the true positions of the 

planets. At the same time, they willfully avoided the religious and astrolog

ical implications of that Aristotelian cosmology. In essence, they trimmed 

Aristotle down to their needs. 

Defined in this fashion, astronomy no longer looked like its Greek coun

terpart, although it resembled it in many varied ways. As far as the com

putational part, and the mathematical calculations that connected the 

observed phenomena to the predictive models, the two astronomies were 

more or less the same. The only difference was that the later astronomers 

in the Islamic domain benefited from the passage of time to correct the 

flawed astronomical parameters that were embodied in the Greek tradi

tion. But the most important difference lied in the purpose of the two 

astronomies: The Greek tradition needed to determine the position of the 

planets so that it could predict their influence on the world of change in 

the sub lunar region, while Islamic astronomy restricted itself to the same 

description of the behavior of the planets, with the utmost accuracy they 

could muster, and yet refrain from asking about the planet's influence on 

the sub lunar region in general or the human behavior in particular. It is in 

this environment that the new discipline 'ilm al-Hay'a (science of astron

omy) was born. And as such, of course it had no Greek equivalent. Its 

authors were fully aware of that, and for that reason restricted themselves 

to calling it by its newly coined name, which meant literally "the science 

of the configuration [of the world] . "  
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Once the purpose of astronomy was conceptually redefined, then the 

pursuit of astronomical research was fully condoned within Islamic civiliza

tion. This did not mean that astrology was finally excluded from the social 

domain. In fact there are plenty of sources that speak to the contrary and 

some even attest to its flourish and its specific widespread acceptance within 

the political circles where it continued to guide the actions of potentates and 

their cohorts by the dictates of the planetary positions. But expurgating 

astronomy from astrological practice meant that astronomy itself could 

flourish among the religious elite who saw in it a complementary discipline 

to their own, and thus felt at ease with it, especially when this specific new 

astronomy began to direct its attention to the critique of Greek astronomy. 

This critical feature of 'ilm al-hay'a marked the discipline from its very incep

tion in the ninth century. In fact all the alternative planetary theories that 

we know from the Islamic domain were articulated in texts that identified 

themselves as hay'a texts. And since hay'a simply meant "configuration [of 

the world] , "  it meant that those texts were necessarily restricted to this 

descriptive aspect of astronomy, and never ventured as far as supplying 

actual tables that could be used for the actual determination of the posi

tions of the planets as was done by the Almagest, for example. In that regard, 

the hay'a texts looked more like Ptolemy's Planetary Hypotheses than either 

the Almagest or the Handy Tables. 

And because of this newfound purpose of astronomy it could afford to 

keep its distance from the ancient Greek tradition, and took the full freedom 

to subject the latter to the strictest criticism whenever criticism was found 

necessary. It was after all Mul)ammad b. Musa b. Shakir (c. 850), one of the 

most zealous sponsors of the translations of Greek scientific texts, who 

offered to make sense of the Ptolemaic attempt to account for two basic 

motions: ( 1 )  the daily rotation of the eighth sphere that produced the vari

ations of day and night and (2) the motion of precession which was most 

observed by the sliding position of the vernal equinox. Working from the 

Greek philosophical precept that all celestial motions are produced by spe

cific movers, in this instance individual spheres, those two motions then 

had to be accounted for by two separate spheres, since it was inconceivable 

that the same sphere could move in two separate motions at the same time, 

while still in place. In order to resolve the problem, Ptolemy assigned the 

daily motion to the eighth sphere of the fixed stars, and then added another 

concentric ninth sphere to account for the precession motion. One could 

reverse the order and assign the precession to the sphere of the fixed stars 
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and then ascribe the daily motion to the ninth sphere. The order was not the 

problem. 

Rather, for MuJ:lammad b. Musa b. Shakir, 4 the problem lay in the fact that 

the two last spheres, which were supposed to carry those motions, were con

centric. And that arrangement in particular presented an important physi

cal problem. For how could any sphere move another, if both spheres were 

concentric, and if both spheres were made of the same element ether that 

did not allow such properties as friction, dragging, and the like? By under

standing ether in the strict Aristotelian sense, in that it was a simple element 

that did not have any of the features of the sublunar elements like heavi

ness, lightness, etc., it was then impossible for two spheres, made of this 

same element, to force each other's motions if they shared the same center. 

MuJ:lammad b. Musa b. Shakir had no difficulty accounting for one sphere 

forcing another eccentric sphere to move along with it, for that did not 

require physical friction and the like. But to him, " it was in no way possible" 

to have a ninth sphere whose motion would necessitate the motion of the 

eighth. As far as we can tell, MuJ:lammad b. Musa b. Shakir had no real solu

tion to this predicament, but he definitely had a real objection to the Ptole

maic arrangement. And his objection was strictly philosophical in that it 

depended completely on the definition of the element ether. 

Of course the apparent loss of the treatise in which MuJ:lammad b. Musa 

b. Shakir made his argument does not help us determine if he had a solution 

to the problem or not. The present study of that treatise is based on a frag

mentary quotation from the work of an astronomer who lived centuries 

after MuJ:lammad b. Musa b. Shakir. 

For the anonymous Andalusian (c. 1 050) author of Kitiib al-istidriik, whose 

extant work Kitiib al-hay'a is still preserved in Hyderabad, India,5 the more 

global question was to firmly pinpoint the status of the new astronomy in 

whose writing he was now participating. In a critical passage on how this 

new astronomy ought to be pursued, he says: 

The one who works in this craft must obtain the [mean] motions, that are taken as 

principles, from the observations, and then consider through geometry how these 

motions could take place, and which configuration would fit them best. In his search 

he should not abandon the principles of this craft, which he should accept from nat

ural philosophy. Accordingly, he should not depart from spheres and circular uniform 

motions and pass on to bodies that are not spherical or not circular. And if  he were 

able to discover many configurations for the same planet, all of them yielding the 

same observable results of the particular motions, he should then chose that which is 
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simpler and easier, in a manner appropriate to celestial bodies, as was already done by 

Ptolemy who, in the case of the sun, opted for the eccentric model, that described 

only one motion, instead of the epicyclic one, which would have necessitated two.6 

For this anonymous author, then, the astronomical universe within which 

all the planetary motions had to be understood and fitted, was a strictly 

Aristotelian universe that had its own premises that the astronomer was 

not allowed to violate. And while praising Ptolemy, the author used this lan

guage as an implicit critique of Ptolemy who did just that. According to all 

the authors of books on doubts (shukuk), Ptolemy definitely departed from 

the premises of that Aristotelian universe, and thus deserved to be criticized 

so severely by them. 

Furthermore, the anonymous Andalusian author intended to stress that it 

was not only the principle of a spherical universe, with spheres moving uni

formly, that had to be observed, but that the representation of the particu

lar configurations of that universe also had to be consistent with the nature 

of that universe. In other words, he wished to advocate the main message 

of the hay'a writers, which could be summed up in the new requirement of 

consistency that all astronomical theories had to be subjected to. Simply 

stated, this consistency requirement demanded that the mathematics, used 

by the astronomer to describe the phenomena that one observed in the 

physical universe, must at no point depart from the mathematical charac

teristics of that universe. In these representations, for example, if one dared 

to accept the concept of a sphere that moved uniformly, in place, around 

an axis that did not pass through its center, then one might as well accept 

the absurdity of representing a sphere with the figure of a mathematical 

triangle. 

In this context, one can define the main feature of the new astronomy of 

hay'a as an astronomy that was obsessed with this consistency between the 

premises of the field and all the ensuing constructions the field required. 

The last section of the quotation underlines the importance of another 

aesthetic principle that was already known to the Greek authors, and which 

had nothing to do with observational astronomy proper, namely, that of 

the principle of simplicity and ease. Ptolemy himself already articulated 

that principle, in so many words, when he explained, in book III of the 

A lmagest, why he opted for the eccentric model for the sun rather than 

the epicyclic one. 

Other astronomers and philosophers working in the Islamic domain had 

other axes to grind with Aristotle himself, and sometimes with Ptolemy as a 



The Case of Astronomy 1 79 

representative of that philosophy. After all, it was Ptolemy who had already 

started the debate by his unspoken options for the solar model. Both options 

violated Aristotelian cosmology. The first posited the existence of eccentrics 

whose centers by definition did not coincide with the center of heaviness 

around which everything moved, as was required by Aristotle. The second 

option assumed the existence of epicycles, out in the celestial realm, which 

had their own centers of motion, again contrary to what Aristotle recom

mended. 

In the case of the sun, Ptolemy satisfied himself with the eccentric model 

and said nothing of the other option, except that it was an option. But in 

the case of the other planets, Ptolemy had no such simple options. He had 

to accept both models: the eccentrics as well as the epicycles. In this, every 

other astronomer working in the Islamic domain, with the exception of Ibn 

al-Shatir who rejected the eccentrics all together, followed him. 

Under the circumstances, it becomes understandable why would some

one like Averroes, who lived some two centuries before Ibn al-Shatir, object 

so vehemently to the astronomy of his days, when he said, "to propose an 

eccentric sphere or an epicyclic sphere is an extra-natural matter (amrun 

klzarij"" 'an al-tab') ."7  He then went on to say: 

The epicycle sphere is in principle impossible (ghar" mumkin'" a�/""), for the body that 

moves in a circular motion has to move around the center of the universe (markaz 

a/-kull) and not outside it." 

He followed that with a more damning statement: 

The science of astronomy of our time contains nothing existent (lays" minh" sha'"" 

maujzld'"'), rather the astronomy of our time conforms only to computation, and not 

to existence (lzay'at"" muwiifiqat"" /i-1-IJushiin Iii li-l-wujlld).9 

As has already been noted, it was Ibn al-Shatir who took these objections 

seriously, and who responded to the issue of the eccentrics by banishing 

them out of his system. But in the case of the epicycles he tossed the ball 

back to the Aristotelian yard to ask about the very nature of the ether as we 

have also said. 

Then there was the issue of the Aristotelian spheres themselves, whether 

they would move by their own volition or be forced to move by something 

else. 10 The problem arose from the fact that the planets themselves do not 

have the same kind of motion, and seemed to exhibit individual motions of 

their own. But according to Aristotle, there were no such motions without 
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movers that caused them in the first place. Thus every planet must have a 

sphere that caused its motion. And because of the complexity of those 

motions the spheres got multiplied, and so on. 

These motions of the spheres led to a lively discussion that apparently 

started with 'Ur<;li ( 1266) in the thirteenth century and continued well into 

the sixteenth century with the works of Ghars al-D1n b. AQ.mad b. Khalil 

al-I:Ialab1 (d. 1 563) . The essence of the debate is to point to the paradox 

in the Aristotelian thinking about those spheres. If those spheres moved 

of their own volition, as they seemed to do, then how could one anticipate 

their motions, and predict where the planets would be at a specific time? 

If the spheres, on the other hand were forced to move in predictable motions, 

then could they exhibit this variety of motions that we witness in the celes

tial realm? 'Ur<;l1 interjected: 

If  we were to admit that the mover of a planet could speed up and slow down, then 

we would have no need of constructing a configuration (hay'a), and his own astron

omy (hay'a) (i.e. Ptolemy's) would be in vain. Any assumption that a planet would 

have more than one sphere would be an unnecessary excess, which is impossible. l l  

He continued: 

If this were so then the motions of the deferents will have to be irregular by them

selves, sometimes speeding up and at other times slowing down. And that is impos

sible according to the principles of this science (u�zll Jziidhii al- 'ifm) . . . .  If one were to 

admit these kinds of impossibilities in this discipline (�ina 'a), then it would all be base

less, and it would have been sufficient to say that each planet has one concentric 

sphere only, and any other eccentric or epicyclic sphere would be an unnecessary 

addition. 12 

The simple solution that was proffered by Ghars al-D1n, for the volun

tary motions of the spheres, and yet allowing for their predictability, simply 

stated: 

Where would the need be for the particular spheres that you (meaning the Ptolemaic 

astronomers) have posited, which you have up till now failed to correct, with all the 

contrivances and circumvention implied by them? Let us then say that each planet 

has one sphere that moves by its own volition, sometimes speeding up, other times 

slowing down, becomes stationary, moves forward, and retrogrades, etc. What adds 

to its being natural is the fact that it follows a specific pattern. "  

Incidentally, Ghars al-Dln's solution of  the problem of  predictability and 

yet allowing for volition, by allowing the spheres to "follow a specific pat

tern," is reminiscent of the concept of custom ( ada) that was offered about 
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500 years earlier by Ghazall who also had the same predicament of allowing 

miracles to take place and yet have the continuity of the world and the pre

dictability that continuity entailed. 14  Dare we suggest here solutions derived 

from religious texts being applied to astronomical texts, as Ghars al-Din 

seems to be doing? 

For the astronomer Na�Ir al-Din al-Tiisi (d. 1 274), the necessity of devel

oping a new mathematical theorem in order to resolve the Ptolemaic pre

dicament of the latitudinal motion of the planets had other "unintended" 

philosophical consequences. When Ptolemy wished to allow the inclined 

plane (really the equator of the carrying sphere) of the lower planets of 

Venus and Mercury to oscillate north and south of the ecliptic as the plane

tary epicycles of those planets moved from the extreme north to the extreme 

south, he proposed to attach the tips of the diameter of that inclined plane 

to two small circles that were placed perpendicularly to the plane of the 

ecliptic. Ptolemy imagined that in this fashion he could have the diam

eter's tips move along those circles and as a result they would generate the 

required oscillating motion that will in turn explain the latitudinal motion. 

At that point, Tiisi exclaimed that the kind of speech that Ptolemy was 

using was outside the craft of astronomy. 15 Not only because such attach

ments of the diameter's tips would produce a wobbling motion when it per

formed the required latitudinal motion, but because that same wobble 

would first destroy the longitudinal component of the motion that was 

painstakingly calculated and accounted for with the rest of the predictive 

mathematical model. Second, it would introduce into the celestial realm 

oscillating types of motions or motions that were not in complete circles. 

This last requirement would violate the very essence of the Aristotelian def

inition of the celestial spheres. 

Tiisi proposed to resolve the problem by the introduction of his own 

theorem, now called the Tiisi Couple, which allowed for the solution of both 

of Ptolemy's problems: first it allowed for the oscillating motion as a result of 

complete circular motions, and second it avoided the necessary wobbling 

that was required by the Ptolemaic suggestion. With one theorem both prob

lems were solved at once. 

As an unintended consequence, this theorem confronted the Aristotelian 

dogmatic separation of the celestial world from the sublunar one. Aristotle 

had separated those two worlds on the basis of the nature of motion that 

pertained to either one of them. Linear motion was natural to the sublunar 
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world, while the celestial world only moved in circular motion. Tusi's theo

rem now presented the most glaring counter example. For here we have, 

with Tusi's Couple, a universe in which, under the right conditions, linear 

motion could necessarily result from two circular motions. This would not 

only make the Aristotelian division of those two worlds completely artifi

cial, that is unnatural in the Aristotelian sense, but it would also make the 

Aristotelian characterization of generation and corruption as a by-product 

of the contrary linear motions, particular to the sublunar world, also artifi

cial and completely arbitrary. Furthermore, since the Tusi Couple could also 

demonstrate that the oscillatory linear motion, which was produced by the 

two uniform circular motions, was necessarily continuous and uniform, 

then the requirement that there be a moment of rest between ascending and 

descending directions of oscillatory motion was also cast in doubt. 16  

Tusf did not make any of those critiques of the Aristotelian universe at the 

time when he proposed his new theorem, for then he was more concerned 

with the damage Ptolemaic latitudinal motion was inflicting on the longi

tudinal motion. But his commentators, starting with his immediate student 

and collaborator, Qutb al-Dln al-Shfrazf (d. 1 3 1 1), noticed all the "unin

tended" philosophical implications the theorem managed to produce. 1 7  He 

articulated his observation concerning the moment of rest between two 

contrary motions in the following terms: 

This could be used as a proof for the absence of rest between two motions, one going 

up and one going down. This is obvious. And the one who asserts that there must be 

rest between the two motions cannot deny the possibility of such motions by the 

celestial bodies simply because he believes there must be rest and rest is not possible 

for the celestial objects. This is so because we shall use it whenever there is an ascend

ing motion and a descending one as we shall see in the forthcoming discussion. We 

couldn't be blamed if we also used it to disprove that principle [i.e. the Aristotelian 

principle of rest between two opposing motions], as can be witnessed from obser

vation. For if we drill a hole in the bottom of a bowl whose edge is circular, but of 

unequal height above its base, and if we pass a thread through the hole and attach a 

heavy object to it. Then if we move the other edge of the taut thread along the edge 

of the bowl, the heavy object will descend and ascend on account of the variation in 

the height of the bowl's edge, in spite of the fact that it does not come to rest because 

the mover does not come to rest by assumption. '"  

This example of producing oscillatory motion as a result of continuous cir

cular motion is a variation on another example, dealing with the very same 

notion of rest between two contrary motions that was already offered by 
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the twelfth-century philosopher Abu al-Barakat al-Baghdadi (d. 1 152). Al

Baghdadi stipulated that one could produce such oscillatory motion by 

drilling a hole in the middle of a ruler and passing a thread through that 

hole. If one were to attach at one end of the thread a plumb line, and hold 

the other end with his hand, then as one moved his hand continuously 

from one end of the ruler to the other, the plumb line would oscillate up and 

down without coming to rest in between the contrary motions since the 

cause of those motions did not come to rest. 19 

Commentators who came after Shirazi continued to draw attention to 

those consequences, but mostly focused on denying the moment of rest 

between the two contrary motions, rather than the production of linear 

motion as a result of circular motion. In the same vein, Galileo does the 

same thing and uses the very same Tusi Couple, that he had learned from 

Copernicus's De Revolutionibus, III,4, to disprove the Aristotelian notion of a 

moment of rest between two opposite motions.20 

Only Khafri tried to raise the issue once more from a slightly different per

spective. While he agreed with Shirazi and others that the circular motion 

of the Tusi Couple did in fact produce linear motion, nevertheless that lin

ear motion itself was not as uniform as the circular motion. His concern was 

that the point of tangency, which moved linearly along the diameter of the 

larger sphere of the Tusi Couple, did not in fact move at constant speed as 

the circular motion that caused it did. In his usual mathematical acumen 

and insight, his analysis came very close to defining the concepts of limits 

and of acceleration, but did not do so in the strict sense. He simply said that 

the linear motion was not the same at all points, and thus wondered if this 

is the same motion that Aristotle was talking about so that now it was being 

refuted by the Tusi Couple. In his opinion it was not the same. Thus all that 

one could say is that the circular motion did indeed produce linear motion, 

but cannot say that uniform circular motion would produce uniform linear 

motion. 

With the status of the literature that we now have from medieval Islamic 

times, it is hard to determine if this last aspect of the theorem, which was 

mainly picked up by Tusi's commentators, had itself initiated any discus

sions among the astronomers themselves, or whether this discussion 

crossed over to the philosophers. What seems to be certain is that examples 

given by one group, such as the example that was given by Abu al-Barakat 
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al-Baghdadi could easily cross over to the astronomers, with some variation 

of course. 

The variation that was offered by Shirazi, however, is of some significance 

for it seems to connect both aspects of the theorem: its implication for the 

moment of rest between two contrary motions and its implication for cir

cular motion producing linear motion. By introducing a semi-spherical 

bowl, rather than the ruler of Baghdadi, Shirazi introduced the circular rim, 

although at varying heights from the base of the inverted bowl. And by 

allowing the hand to move along the circular rim, it was that motion that 

produced the linear oscillation of the heavy object. 

Although Abu al-Barakat's example seems to have been the direct ances

tor of this problem, all the later astronomers, that I know of, who cited this 

continuous oscillatory motion, would use a variation on Tlisi's Couple to 

illustrate it, i.e. always staying in the context of the theorem that secured the 

generation of linear motion from circular motion as the Couple stipulates. 

And as we just said, it is hard to trace the lines of intersection between the 

philosophers and the astronomers in this respect so that one can determine 

who owes what to whom. But what seems to be certain is that the very dis

cussion itself, as it moved from philosophical circles to astronomical ones, 

and back, demonstrates very clearly the shared interest the two disciplines 

had in such philosophical issues. 

At this point I return to the issue that was raised by Ibn al-Shatir again, in 

order to illustrate once more the direct relationship between astronomy and 

philosophy. I have already cited the words of Averroes who objected very 

vehemently to the concepts of epicycles and eccentrics. I also said above 

that Ibn al-Shatir was the only astronomer I knew of who rose to the chal

lenge. By arguing for the permissibility of the epicycles, Ibn al-Shatir moved 

away from arguing about the nature of their motions and focused on the 

very nature of the Aristotelian celestial world that produced the problem in 

the first place. 

In Ibn al-Shatir's view, to assume that the spheres that carried the stars and 

the planets were all, together with the stars that they carried, made of the 

same simple element ether, whose very nature exhibited circular motion 

only, presented a very serious problem when one considered that some of 

the fixed stars, which were huge indeed, and some were larger than the 

largest planetary epicycle, emitted light while the sphere that carried them 
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did not. To put it simply, the visible fixed stars were obviously not the same 

as the invisible sphere that carried them, and thus could not be made of the 

same element. And if they were, then that element could not be simple. In 

Ibn al-Shatir's words, Aristotle must admit that there is "some composition" 

(tark!b"" mii) in the celestial element. And if this composition is allowed in 

the celestial realm, as it seems to be by the existence of the fixed stars, then 

the existence of epicycles could be of the same nature and thus one is 

allowed to use them. 

As for the eccentrics, we have already stated that Ibn al-Shatir had 

accepted that they indeed violated the Aristotelian principles and thus 

should be avoided at any cost. It is for that reason that all the models that 

were developed by Ibn al- Shatir for planetary motions were all conceived as 

strictly geocentric models, as we have stated repeatedly before. And thus 

Ibn al-Shatir gave himself the full freedom to use as many epicycles as was 

necessary to account for all the observable motions. And so did Copernicus 

after him, who apparently faced the same problem from a slightly different 

angle when he shifted the center of the universe to the sun. 

Whether it was a problem of eccentrics, epicycles, or the nature of celes

tial motion itself, almost all of the astronomers who were engaged in 

addressing the conflicting demands of Aristotelian cosmology as against the 

Ptolemaic formulation of that cosmology were not only blaming Ptolemy 

for his failures but were also trying to explain the difficulty of understand

ing the Aristotelian universe. Each in his own way was beginning to make 

the case against the Aristotelian conception of the universe, and was expos

ing the inadequacies of that conception. To Ibn al- Shatir, for example, the 

very essence of the definition of the element ether was no longer adequate 

and had to be changed if one were to make sense of the natural phenomena 

around us. 

Whether Ibn a!- Shatir, or any of the other astronomers who were engaged 

in this enterprise had the "right" solution for those problems or not is 

immaterial at this point. The important fact is that they brought the discus

sion to the point of collision with the Aristotelian worldview and thus 

pressed for the need to change it. If modern science is to be understood as 

an expression of the final collapse of the Aristotelian worldview, then the 

roots of that collapse have to be sought in those elementary, yet daring steps 

that were exposing the inadequacies of the view.21 
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Astronomy and Religion 

As for the intersection between religion and astronomy, and through it 

the intersection between science and religion, we have already seen that 

the new astronomy of hay'a was developed in tandem with the religious 

requirements of early Islam. In a sense this new astronomy could be defined 

as religiously guided away from astrology. With the pressure from the anti

astrological quarters, usually religious in nature or allied with religious 

forces, astronomy had to re-orient itself to become more of a discipline that 

aimed at a phenomenological description of the behavior of the physical 

world, and steer away from investigating the influences its spheres exert on 

the sublunar region as astrology would require. Most hay'a texts if not all, 

would systematically avoid any discussion of the obvious astrological doc

trines. For that reason those texts continued to be accepted in the religious 

circles. One can even go as far as saying that the very discipline of hay'a was 

itself born within the critiques of the religious circles that frowned upon 

anyone who sought the guidance of the stars in the same way the astrologers 

did. Within that context it is not therefore difficult to see that most hay'a 

writers were also at the same time renowned religious scholars themselves, 

as we shall soon see. 

But before recounting the examples of the hay'a writers who also served as 

religious scholars, it is important to remember that the religious critiques 

not only produced two other scientific disciplines ( 'ilm al-fara'iq and 'ilm al

miqat) but had a general impact on the other sciences. The simple require

ment of having to face Mecca, every time one prays, definitely required the 

solution of one of the most sophisticated spherical trigonometric problems 

of the time, known as the qibla problem. The qibla, being literally the direc

tion one must face while praying, and knowing that the globe is supposed 

to be spherical, meant that one had to solve for the angle his own local hori

zon makes with the great circle that passes through his own zenith and the 

zenith of Mecca. That calculation itself requires the deployment of such 

trigonometric functions as the sine, cosine, tangent, and cotangent. It also 

meant the development of the equivalent trigonometric laws that apply to 

the surface of the sphere.22 

Such kinds of trigonometric functions were not known in the Greek 

tradition, and the ones that were known from the Indian tradition were 

insufficient to solve the problem completely. As a result a whole series of 
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trigonometric laws, like the spherical sine and cosine laws, had to be devel

oped anew. Once that was done, there was little left to discover in the field 

of trigonometry.21 One can then say that such a religious commandment, 

despite its apparent simplicity of requiring the believers to simply face a 

specific direction, was one of the reasons that gave rise to a most sophis

ticated discipline of spherical trigonometry. This new discipline in turn 

became subservient to other religious requirements, as much of it was used 

in almost every branch of miqiit literature.24 It also served the mother dis

cipline of astronomy just as much, and without it, much of astronomical 

research, till this very day would have remained cumbersome if not impos

sible to conduct. 

In short, the discipline of trigonometry is the best example that demon

strates the intersecting interests between the practice of one's religion and 

the scientific thinking that had to be developed as a result of that practice. 

With this in mind, and seeing how scientists, and astronomers in particular, 

could pose as the experts for the practice of the religious prescriptions, it 

should not be surprising to find scientists at this epoch closely affiliated 

with the religious functioning of the society. At times they were even at the 

helm of religious offices themselves, as we shall soon see. 

In another scientific field, quite different from astronomy, we also find a 

rapprochement between the religious precepts and the scientific practice. In 

a field such as medicine, where religious thought had laid great emphasis on 

the need to keep a healthy body,25 and one could quote several sayings of 

the prophet himself attesting to that interest, it is very difficult to miss the 

relationship between medical and religious practice. As a result, it should 

not be surprising as well to find famous physicians practicing their religious 

functions at the same time, and at times lending as great an authority to 

their religious practices as they would do to the medical one. To confirm that 

close association no one is surprised to find the famous Ibn al-Nafis (d. 

1288), the author of the critical commentary on Avicenna's Canon in which 

he criticized Galen regarding the functioning of the heart, which in turn led 

to the discovery of the pulmonary movement of the blood, being at the 

same time a practicing Shafi'l lawyer, who even gave lectures on ShaJi'I law 

at the Masruriya madrasa.2" In light of what we know about the status of 

medicine in Islamic society, joining these two functions should not require 

any further explanation. 
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Returning to the astronomers, and in particular to the theoretical astron

omers, whose works have been designated so far as hay'a works, one should 

expect to find the same close association between their scientific functions 

and their religious ones, especially when they had already formulated their 

new astronomy of hay'a specifically to cast astrology out of the domain of 

astronomy and to respond to the religious pressures of the society. In the 

new configuration, theoretical astronomy, which became the domain of 

hay'a studies, became a close ally of religious thought. At one point, during 

the Iranian Safavid period and thereafter, it became another subject of reli

gious instruction. In a separate publication I have argued for the interpreta

tion of the phenomenon of the continuous use of the Arabic language in the 

production of hay'a texts, even when the native language of the writers was 

Persian, as a phenomenon of integrating astronomy into the school cur

riculum. These school curricula had always weighed heavily in the direction 

of Arabic as the language of the primary religious textsP From interviews 

with graduates of modern day Iranian seminaries, my understanding is that 

this incorporation of hay'a texts in the religious school curricula still goes on 

till the present day. 

With this alliance, it is not surprising to find one of the most productive 

astronomers, the same Na�lr al-Din al-Tiisi (d. 1274)28 who produced the 

famous Tiisl Couple in the context of his attack on Ptolemaic astronomy, 

being at the same time a great Ismi:i'Ill scholar first and then an acknowl

edged authority on general Shi'ite thought. His own spiritual autobiography 

Sayr wa-sulUk,29 as well as his doctrinal text Rawqat al-tasllm,30 speak directly 

to his authoritative status within the Ismii'IH religious thought. His Aw�iif 

al-ashriif31 and his Tajfid al-i 'tiqiid32 also speak to his much more exalted sta

tus among the Sufi adepts and the twelver Shi'ites, respectively. To some 

(especially Shi'ite biographers not skilled in the astronomical sciences), he 

was primarily a religious figure who may have had a side interest in astron

omy. His student and former colleague Qutb al-Din al-Shirazi (d. 1 3 1 1 )  also 

produced several voluminous works on theoretical astronomy, two of which 

were detailed commentaries on Tiisi's Tadhkira, with their own original con

tributions to the field. In addition, Shirazi also occupied the position of a 

practicing judge in the cities of Sivas and Malatiya, in 1282, after his affilia

tion with the Maragha observatory, and while he was still writing his first 

commentary on Tiisi's Tadhkira. :n He also acted as an intermediary between 

the Ilkhanids and the Mamluks, once the Ilkhanids had converted to Islam. 
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His mission was obviously an exercise of his religious duty to bring peace 

between two warring Muslim potentates. 

Shirazi's religious works are as impressive as his astronomical works. Since 

he had become a l:zadlth scholar in his own right, his book jiimi 'u�Ul al-l:zadlth 

naturally became one of the main references for this type of religious litera

ture at this later period. And so did his work on the prophetic tradition sharl:z 

al-sunna. But his elaborate commentary on the Qur'an, Fat/:! al-manniin (f 

tafslr al-qur'iin, definitely attests to his wide-ranging control of the many 

religious disciplines of his time. 

It was also his astronomical as well as his religious teachings that triggered 

the interest of his own student Ni�am al-Dln al-Nlsabur1 (d. 1328), known 

as al-A'raj (The Lame), to write on these two subjects as well . Nisaburi's 

two voluminous astronomical works, Sharl:z al-tadhkira (Commentary on the 

Tadhkira), and Shar/:1 al-majis(i (Commentary on the Almagest), both com

mented on the two works of Tusl's that are mentioned in the titles. And both 

of Nlsaburi's works continued to be taught in schools well after the death of 

the author. A remark made in a fifteenth-century text about the astronomi

cal education in the school of the most famous potentate and astronomer 

Ulugh Beg (d. 1449) attests to the use of Nisaburi's astronomical texts in 

the instruction.:14 But Nlsaburl's commentary on the Qur'an, Gharii'ib al

qur'iin wa-raghii'ib al-furqiin (the Unusual [expressions] in the Qur'an and 

the appealing [features] of the Furqan [a synonym of the Qur'an]) is by far 

the most elaborate of his works as it falls in several volumes in the printed 

version. :Js 

Ibn al-Shatir (d. 1375) of Damascus, of the great astronomical fame, was 

only a muwaqqit (Timekeeper) at the Umayyad mosque in the same city.36 

As a functionary of the mosque he must have derived his livelihood from 

the religious endowment of the mosque, and just like a judge was also con

sidered a religious functionary. He apparently conducted his theoretical 

research on planetary motions in perfect synchronism with his religious 

duties. Naturally, he also developed instruments, such as sundials and the 

like, to tell the appropriate times of prayers as part of his religious duties, but 

also must have enjoyed developing them for their mathematical projection 

interest. His astronomical work, however, has now become of great interest 

after it was demonstrated, in the late 1950's, that his lunar model was iden

tical to that of Copernicus, and his technical treatment of the motion of the 

planet Mercury used the same Tusi Couple that was used by Copernicus as 
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well. His model for the upper planets, which was also adopted by Coper

nicus after shifting the center of the universe to the sun, also included the 

use of 'Un;ll's Lemma, and continues to be at the center of the ongoing 

research that will one day determine the routes by which Copernicus knew 

of this astronomer's work and of the work of his colleagues from the Islamic 

domain. 

Mulla Fatl)allah al-Shirwanl (c. 1440) who also wrote a commentary on 

Tiisl's Tadhkira, also called SharJ:z al-tadhkira, from which we know a great 

deal about the astronomical activities at Ulugh Beg's school, was obviously 

first and foremost a religious functionary as his title Mulla implies. In addi

tion he was apparently one of the brightest students of Qaqlzadeh al-Riiml 

in astronomy. Some of his religious works have also survived to attest to his 

engagement in the religious fields as wellY 

Finally, the works of the most prolific astronomer of the sixteenth cen

tury, Shams al-Dln al-Khafri (d. 1 550), which we have considered at more 

than one occasion before as examples of the latest sophistication in Islamic 

astronomy, were at the same time the best examples of the use of math

ematics as a language of science. This brilliant astronomer was also a 

renowned religious scholar in his own right. lH His biographers, who speak 

of him mainly as a religious scholar, only marginally mention his most 

famous astronomical work al-Takmila {f sharl:z al-tadhkira (Completing the 

Commentary on the Tadhkira) . At one point in his career he apparently ful

filled the function of the official Shi'ite jurist in Safavid Iran. The same biog

raphers also report his issuing juridical opinions (fatwas) on matters 

pertaining to the Shi'l doctrines before the arrival of al-Mul)aqqiq 'Ali b. al

l;!usain al-'Amill (d. 1 553) from Lebanon to that country in the early part of 

the sixteenth century.39 

Conclusion 

The intersections between theoretical astronomy with philosophy and with 

religion are too numerous to recount. It is certain, however, that both of 

those disciplines had a very fruitful interaction with Islamic theoretical 

astronomy, thus allowing the latter to cast doubt on much of the Aristote

lian cosmology in the first instance, and to reconstruct itself as a religiously 

acceptable science in the eyes of religious authority in the second. This asso

ciation with religion, contrary to what one would expect when using the 
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European paradigm of conflict between science and religion, was apparently 

very healthy, and continued to support astronomers, one after the other, 

even at times when the astronomers' only source of income was provided by 

the religious institutions in which they served. 

With this image, it becomes very difficult to document a paradigm of con

flict between religion and science in Islamic society. But this does not mean 

that all astronomical disciplines were treated in the same fashion. One can 

easily document a conflict between religion and astrology as we have said 

several times before, since astrology was perceived early on as the purpose of 

astronomical research in the first place in full conformity with the Greek tra

dition.40 But this does not mean that astrology was completely banished 

from Islamic society. 

One can also consider the tenuous relationship between the production 

of zljes that served as ephemerid tables for the astrologers, and the later pro

duction of mlqat tables that served only religious purposes. Ibn al-Shatir's 

al-Zij al-jad!d, for example, can function as a tool for astrologers, despite the 

author's original intention to use it mostly for his religious timekeeping 

activities. It is in such areas that the disciplinary borders begin to be blurred, 

and the difficulty arises when attempting to characterize a specific produc

tion one way or the other. 





6 Islamic Science and Renaissance Europe: The Copernican 

Connection 

The new mathematical tools that were developed by the astronomers of the 

Islamic world did not only prove to be very useful for the emergence of new 

ways of looking at theoretical astronomy, as we have already seen, but also 

allowed astronomers to manipulate mathematical models so that they 

could meet the observational requirements. We have also seen this trend 

culminate in the works of Khafri who demonstrated a total mastery of 

mathematics so much so that he attained complete freedom to use whatever 

mathematical configuration he wished in order to represent the same phys

ical observational phenomenon. Mathematics became a new language, and 

became an efficient tool of astronomy, at least as far as the works of Khafri 

were concerned. 

The works of Ibn al-Shatir, on the other hand, with their emphasis on the 

strict Aristotelian cosmological requirements of abolishing eccentrics, also 

liberated astronomical models from the often cumbersome multiplicity of 

shapes and forms and unified all the planetary models with one geocentric 

format that could be easily applied to one planet at a time by simply chang

ing the parameters of the two epicyclic spheres deployed in each model. In 

a roundabout way, the unintended consequences of these unified models 

produced the "strange" development that allowed them to be transferred 

into heliocentric models, despite the fact that there was no shred of support 

for such heliocentrism in the then reigning Aristotelian cosmology. All that 

someone like Copernicus had to do was to take any of Ibn al-Shatir's mod

els, hold the sun fixed and then allow the Earth's sphere, together with all 

the other planetary spheres that were centered on it, to revolve around the 

sun instead. As we shall soon see that was the very step that was taken by 

Copernicus when he seemed to have adopted the same geocentric models as 



1 94 Chapter 6 

those of Ibn al-Shatir and then translated them to heliocentric ones when

ever the situation called for it. 

All those shifts in astronomical thought that took place in Islamic civi

lization had some very serious consequences. Not only did they expose all 

the factual and observational errors of Greek astronomy, but also demon

strated, in the most convincing manner, the inconsistencies of that astron

omy with its very own cosmological presuppositions. In the later centuries, 

when Islamic astronomy reached its theoretical maturity, starting with the 

continuous rise of analytical discussions of planetary theories after the thir

teenth century, one could hardly find a serious astronomer who did not 

make an attempt at reformulating Greek astronomy. At that time, no one 

could hope to practice astronomy, and be taken seriously, if he did not make 

an effort to solve the thorny cosmological problems of Greek astronomy. 

One astronomer after another, tried their hand at devising new mathe

matical models that represented a much more consistent cosmological pic

ture of the Greek astronomical tradition. At the same time, those models 

could account perfectly well for the same observations, which were used by 

Ptolemy, in the first place, to construct his own predictive mathematical 

models for planetary motions. 

This constant search for more consistent representations of planetary 

motions came to characterize the whole field of Islamic astronomical 

research, especially in the later centuries following the thirteenth century. 

The movement of continuously reforming Greek astronomy became so 

important that it apparently attracted the attention of astronomers from 

outside the Islamic domain. We know, for example, that Byzantine astron

omers, like Gregory Chioniades (fourteenth century) and others, would 

travel to the Islamic lands in order to learn of the latest developments in 

Islamic astronomy and to report their findings back to their compatriots 

in their own Greek language. ' In fact, one can also document the depen

dence of the late Byzantine astronomy on Islamic astronomy by simply 

browsing through the technical terminology that was used by Byzantine 

astronomers at the time. This terminology demonstrates very clearly that it 

bore a much closer resemblance to the Arabic sources, from which it was 

derived, than to the classical Greek texts such as those of Ptolemy.2 

With the fall of Constantinople in 1453 to the Ottoman Turks, and the 

ultimate demise of the Byzantine empire, a good number of Byzantine 

scholars escaped westward, at times together with their books. But by then 
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the Byzantine civilization had been in direct contact with the Islamic civi

lization for centuries already. And as a result those books inevitably bore 

the marks of having been influenced by the intellectual production of the 

Islamic civilization, and thus contained some of the developments that had 

already taken place in that civilization. In a way, these Byzantine contacts 

with Europe were much more complex than the contacts that had already 

taken place during the Middle Ages between the Islamic world and the Latin 

West. In the first, we saw several Arabic works that were translated into 

Latin, sometimes undigested, and mostly restricted to the confines of lin

guistic contours of the texts. With the new Byzantine contacts one can now 

distinguish a new manner of transfer of texts. Arabic and Persian scientific 

texts were apparently already digested in the Byzantine Greek sources for a 

period of about two centuries or so, before those Byzantine texts were 

brought into Europe. This time, their contents were not apparently trans

lated into Latin. Rather, because of the emphasis of the Renaissance intel

lectual environment on the Greek language, they were read in the original 

Greek. The best of their contents, which were originally Arabic and Persian 

could now be directly assimilated into the Latin texts, without having to 

translate the whole text into Latin. This method of transfer of knowledge 

constitutes by itself a new phenomenon that is rarely acknowledged by all 

those who study the transfer of knowledge across cultures. More impor

tantly, this later transfer of knowledge from the world of Islam to Europe this 

time spoke directly to the contemporary science of the Renaissance, where 

its impact can be best detected, as we shall soon see. 

About the same period that witnessed the various contacts between 

Byzantium and the world of Islam there were various other contacts as well. 

One should pay attention to the several European travelers who performed 

their pilgrimage to the Islamic world, either to visit the Holy Lands, or to 

simply seek knowledge from the lands of Islam. This contact too must have 

brought some of the findings of the Islamic world to the European countries. 

What did they bring in particular is a matter that is currently under investi

gation and promises to produce some very interesting results. 

Our current state of knowledge, however, can already inform us about 

some of those contacts and the nature of the information that was 

exchanged. We already know, for example, that those contacts brought 

some very advanced theoretical findings from the lands of Islam to Renais

sance Europe, findings that were apparently highly appreciated by the 
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European scientists who consumed this material and ended up incorporat

ing it in their own works.3 And yet our research in that particular area is still 

in its infancy and once it is completed, it promises to change much of our 

world view, about cultural transmissions, cultural contacts, the nature of the 

European Renaissance, and the earliest roots of modern astronomy.4 

Connections between Renaissance Europe and the World of Islam 

A sheer accident, in 1957, brought to the attention of Otto Neugebauer, who 

was then working on the mathematical astronomy of Copernicus, a text 

that contained the theoretical astronomy of the famous Damascene astron

omer Ibn al-Shatir ( 1375) .  It did not take the genius of Neugebauer much, 

despite the fact that he did not read Arabic himself, to realize that Ibn al

Shatir's lunar model was indeed identical, in every respect, to that of Coper

nicus ( 1543) (figure 6 .1 ) .  The former model, has survived in Ibn al-Shatir's 

text Nihiiyat al-sUl fl ta$/:z!J:z al-U$W (Final Quest Regarding the Corrections of 

the [Astronomical] Principles), and was brought to Neugebauer's attention 

by his close associate and friend Edward Kennedy. Kennedy was then a pro

fessor of mathematics at the American University of Beirut, and a distin

guished historian of Islamic astronomy and mathematics in his own right. 

His own encounter with Ibn al-Shatir's work at the Bodleian Library was in 

itself a pure accident as well, and now belongs to the world of legends. But 

that discovery, together with its ensuing discussion with Neugebauer, gave 

rise to the publication of an article in Isis by Victor Roberts, a student of 

Kennedy, who called it "The Solar and Lunar Theory of Ibn al-Shatir: A pre

Copernican Copernican model."5 

Naturally, such a finding jolted the scholarly community somewhat, for 

up till then the prevailing belief was that Renaissance science, unlike its 

medieval counterpart, was considered to be a European self-contained cre

ation, almost ex nihilo. Or if one were to widen his horizons and look out

side the particular confines of the European environment one was supposed 

to find Renaissance science taking its inspiration from the classical Greek 

sources, rather than any other source, least of all Islamic sources. Common 

opinion stipulated a European enmity with things Arabic and Islamic and 

thus no one would have expected a fruitful contact between the two.6 For 

Neugebauer to find that there was a direct connection between the works of 

Copernicus and the Arabic planetary theories, which were produced in the 

Islamic world about 200-300 years before, was a discovery that was shock-
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Figure 6.1 

The lunar model of Ibn al-Shatir and Copernicus. 

ing in its own time and has not been fully digested yet in the secondary 

sources dealing with the history of science in general. Only a handful of 

researchers seem to know about it still, and to appreciate its full significance. 

But this finding opened the door to further investigation. It was also 

Neugebauer who widened the circle of research and began to look for other 

similarities of ideas between the works of Renaissance scientists and the 

scientists of the Islamic world. And it was in that context that he revisited 

a chapter from the Tadhkira (z 'ilm al-hay'a, of Na�lr al-Dln al-Tus! (d. 1 274), 

which had already been translated into French by Bernard Carra de Vaux in 

1893 and published under the title "Les spheres celestes selon Nasir-Eddin 

Attusi."7 In this chapter, which was originally written by Tiisl in 1260-61 ,  

Tiisl formalized as  well as generalized and now supplied a rigorous mathe

matical proof to the famous theorem that has come to be known in the lit

erature as the Tiisl Couple, which we have seen before. 
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We have also seen that the first articulation of this theorem, had already 

been proposed in 1 247, in yet another work by Tlisl, the Tal;zrlr al-majistl 

(Redaction of the Almagest), which is yet to be edited and published. And, as 

I have noted, this earlier first articulation was specifically proposed in order 

to respond to the failings of the Ptolemaic latitude theory of the planets. 

This background of the theorem was neither mentioned by Tlisl nor was 

it signaled by Carra de Vaux, on his own, nor was it apparently known to 

Neugebauer who did not work on the Arabic manuscripts directly. 

Tlisi's Couple, as we have seen, offered a general solution to the problem 

of generating linear motion from a combination of circular motions. It was 

expressed in terms of the motion of two spheres, usually called in the Arabic 

astronomical literature that followed al-kablra wa-1-�aghlra (the large and 

the small). As has been noted, one of those spheres was taken to be twice the 

size of the other, and in the initial setting the spheres were taken to be inter

nally tangent at one point. With the motion of the larger sphere at any 

speed, and the motion of the smaller sphere at twice that speed, in the oppo

site direction, the point of tangency was then found to oscillate along the 

diameter of the larger sphere, thus producing the required linear motion. In 

1260-61, after supplying the formal mathematical proof to this theorem, 

Tlisi went on to use it in the lunar model and then in the model for the upper 

planets, as we have already seen. 

Carra de Vaux's translation of this chapter gave all the contents of the 

original Arabic in a rather faithful French, but was then concluded with an 

assessment by Carra de Vaux himself. In it, and on the basis of his encounter 

with this particular work of Tlisi, de Vaux summed up the general character 

of Arabic astronomy. In de Vaux's time, and because very little else was 

known then from the astronomical production of the Islamic civilization 

from these later periods, de Vaux was emboldened to say, that while Arabic 

astronomy did not hold Ptolemy's work with much regard [an understate

ment indeed about a chapter that was devoted specifically to critiquing 

the problems in Ptolemaic astronomy] , it did not, on its own, have enough 

"genie" to transform astronomy altogether, and instead suffered from a gen

eral "faiblesse" and "mesquinerie" that did not allow it to develop further. 

From such a statement, one has to draw the conclusion that de Vaux could 

not fully appreciate the importance of the chapter that he was translating at 

the time. We shall have occasion to return to this issue when we speak about 

the so-called age of decline of Islamic science. 
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With a completely different attitude, and being immersed in the mathe

matical astronomy of Copernicus at the time, Neugebauer could immedi

ately see the essence of Tiisl's problem, because he could also see that it was 

the same problem that was faced by Copernicus later on, in De Revolutionibus 

III, 4.8 Both astronomers needed to utilize a mechanism that allowed them 

to generate linear motion from circular motion or combinations thereof, as 

I have said several times already. And both used the same Couple, except for 

one difference: Tiisi knew that he was introducing a new theorem in 12479 

and again in 1260-61 ,  which was nowhere to be found in any earlier Greek 

source, and said so, while Copernicus silently went ahead and described the 

same theorem and produced a very similar proof as we shall see, without 

mentioning that he had invented the theorem or the proof himself, nor that 

he had seen it in any other source. He only mentions the vague reference to 

a statement by Proclus, 10 referring to the latter's commentary on Euclid, in 

which Proclus says that linear motion could be gotten from circular motion. 

But for those who read Proclus closely will immediately realize that Proclus 

was talking about curved lines and straight lines being produced from one 

another and not oscillating motion resulting from complete circular motion 

as was required by Tiisi and Copernicus after him. 

By 1973, Willy Hartner discovered a remarkable feature in Copernicus's 

proof of the same theorem. 1 1  By comparing Tusi's proof, which was com

pleted in 1260-61, with that of Copernicus, which was published in 1 543, 

Hartner discovered that the two proofs (figure 6.2) carried the same alpha

betic designators for the essential geometric points. That is, where Tusi's 

proof designated a specific point with the Arabic letter "ali(, " Copernicus's 

proof signaled that same point with the equivalent phonetic Latin letter 

"A," where Tiisi, had "bii � "  Copernicus had "B,"  etc., except in one case 

where Tiisi had "zain" and Copernicus has " F. "  On the basis of the letter 

correspondences, letter to letter, Hartner ventured to say that Copernicus 

must have known about Tusi's work while in Italy. The implication that was 

also spelled out by Hartner was that Copernicus must have had access to 

Tiisi's work in some indirect form, since as far as we know neither Coper

nicus could read Arabic, nor was Tiisi's text, in which the theorem appeared, 

was ever translated into Latin. To Hartner, it meant that Copernicus must 

have recruited someone who could explain to him the diagram, while 

he took notes and used those notes later when he came to write the 

De Revolutionibus. 
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Figure 6.2 

Proofs of the Tiisl Couple from the works of Tiisl (left) and Copernicus (right), show

ing the identity of the lettering of the diagrams. Wherever Tiisl had ali( Copernicus 

had A, and wherever Tiisl had ba Copernicus had B, and so on, except that where Tiisl 

had zain for the center of the smaller sphere Copernicus had F. See figure 6.3. 

In a more recent reassessment of Hartner's results, I added the Arabic man

uscripts evidence to account for the variation between the 11 zain" and the 

11F" in the two proofs . 1 2  By comparing Arabic manuscripts from the medieval 

period, and noting that the two Arabic letters II zain" and II fci'" that were usu

ally used to designate geometric points, the similarities between those two 

letters were in fact so close that it would be quite easy for someone, who was 

not experienced enough with Arabic manuscript traditions, to misread the 

11Zain" for a 11(ii'" (figure 6.3) .  I ventured to say that either Copernicus him

self or someone sitting next to him, looking at an Arabic text of the proof of 

Tlisi, simply misread the 11Zain" in the original Arabic manuscript for a 11(iC' 

thus leading Copernicus to introduce the sole variation in the lettering of 

the two proofs. 

But misreadings and variations are on their own very useful for detecting 

textual transmissions. For as a result of these reading 11mistakes" I became 

quite confident about the conclusion just drawn: that Copernicus was either 

himself working from an Arabic manuscript where he mistook the 11 zain" for 

a 11(i C' which is unlikely since we do not know that he knew any Arabic at 

all, or that he was reading, at least the diagram, with someone else's help 
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A medieval Arabic manuscript exhibiting the similarities between the letters zain = Z 

and fa'=  F. 

who made the same mistake. Furthermore, the complete conformity of the 

other geometric points between the two proofs now makes the issue of coin

cidence and independent discovery a most unlikely scenario. 

Therefore, not only did Copernicus apparently seek to solve the same 

problem of the Greek astronomical tradition by adopting the same approach 

(that is, adding a mathematical theorem that allowed for the generation of 

linear motion from circular motion); he also used a theorem that had been 

invented by Tusl about 300 years earlier, and supplied a proof that was very 

similar to the one supplied by Tlisl, with a slight modification in protocol, 

but still adhered to the same geometric points that were used by Tusl in the 

original proof. All of this cannot be mere coincidence, as some people still 

like to think. And future research both in the world and works of Coperni

cus, as well as the world and works of the Arabic-writing astronomers who 

preceded him will, I am sure, eventually uncover the exact route by which 

Copernicus learned of the earlier astronomical findings of the Muslim 

astronomers. 
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Mu'ayyad al-Din al-'Un;l1 (d. 1266) was a colleague of Tilsl, and a distin

guished astronomer and engineer in his own right. His distinguished fame 

must have been the deciding factor for Tilsl when he hired him to build 

the observational instruments for the famous Maragha Observatory. 1 3  The 

observatory itself was established in 1 259 in the city of Maragha in north

west modern-day Iran, under the patronage of the Ilkhanid monarchs. 14  

Because of the concentration of the astronomers who worked at the obser

vatory, and because of the recently-found connection between their works 

and the work of Copernicus, this observatory has now become very famous 

in the secondary literature. 'Un;l!'s fame, however, was obviously based on 

his most important work which was simply called Kittib al-hay'a (Book 

on Astronomy) . 1 5  In it he attempted to revamp the whole of Greek astron

omy, having been obviously motivated by the same considerations, which 

had been discussed for generations before him within the intellectual circles 

of the Islamic Civilization. The most important problem for the time was 

still encapsulated in the discussion of the inadmissibility of the equant 

sphere, on account of the well-known absurdity this concept produced. 

Trying his own hand at the resolution of this problem, 'UrcF proposed 

a new simple theorem which allowed him to reconstruct the Ptolemaic 

model16 for the upper planets by adding new spheres and epicycles, but still 

accounted for the same observations that were reported by Ptolemy, with

out having any of the absurdities that were adopted by Ptolemy. In 'Urc)l's 

model, all the spheres moved uniformly in place around axis that passed 

through their centers. One could therefore say that in this model 'Ur<JI man

aged to avoid the use of the Ptolemaic equant, but did not avoid accounting 

for its essential observational effects. 

The theorem itself (figure 6.4), now known as 'Ur<JI's Lemma, is extremely 

simple. It stipulates that for any two lines (such asAG and BD) that are equal 

in length and that form equal angles with a base line AB, either internally or 

externally, the line DG, joining the other extremities of these two lines, is 

parallel to the base line AB. 

In a sense, the way this lemma functioned in 'Ur<JI's model for the upper 

planets is very similar to the way Apollonius's theorem functioned in the 

solar model of Ptolemy. In the latter the Apollonius theorem allowed Ptol

emy to equate the eccentric and the epicyclic models, and to replace one 

with the other. In the same theorem the radius of the epicycle was equal to 

the eccentricity of the solar model, and the epicycle itself moved at the same 
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A general representation of the four cases of 'Un,li's Lemma as it appeared in the orig

inal manuscripts. This illustrates the four cases of possible equations between inter

nal and external angles. 

speed as the concentric sphere, but in the opposite direction, thus allowing 

the external angles to remain equal. In 'Un;li's Lemma, the additional epicy

clet, which was added to the Ptolemaic model, had a radius that was equal 

to only one half of the eccentricity of the upper planets. And the motion of 

the epicyclet was in the same direction as that of the deferent and at the 

same speed, which required that the internal angles be equal for the paral

lel lines to be achieved. This, in turn, required that 'Ur<;li explicitly enunci

ate the lemma that produced these properties .  Looking at it simply as a 

mathematical structure, one can easily see that, with its use of a small epicy

clet, this lemma allowed for the transfer of half the eccentricity from the line 

of apsides to the circumference of the deferent, just as the Apollonius theo

rem allowed for the transfer of the whole eccentricity to the epicyclic radius 

at the circumference of the deferent. In both cases one can speak of epi

cycles compensating for eccentricities, and thus allowing the transfer of one 

mathematical model from one physical reality to another. And in this same 

sense one can speak of the Apollonius theorem as a special case of 'Ur<;li 's 

Lemma. 

Once enunciated and proved by 'Ur<;li, this lemma became immediately 

very popular. Someone like Qutb al-Din al-Shirazi (d. 1 3 1 1),  who was pri

marily a student of Tlisi and a member of the Maragha group, was probably 

the first to use it in a context other than the one for which it was intended. 
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He first used it in his lunar model, and then he incorporated it in the same 

model for the upper planets that he had borrowed from 'Ur\II, theorem and 

all. In both of Shirazi's works, which were written few years apart in the 

1 280s, 'Ur\II 's model for the upper planets remained to be Shirazi's favorite 

model, despite the fact that both of the said works of Shirazi were them

selves written as commentaries on the work of Tusi, and not that of 'Ur\II. 

By preferring 'Ur\II 's Lemma over the solutions that were offered by Shirazi's 

very own teacher Tusi, which made use of the Tusi Couple, Shirazi's choice 

can only be taken as a testament to the popularity of 'Ur\fi 's Lemma. 

Ibn al-Shatir (d. 1 3 75), who lived a full century later, followed suit. After 

using the equivalent of the Apollonius theorem to shift the eccentricities to 

epicyclic attachments, as we have already seen, in order to return to strict 

geocentric cosmology, he added to what can be called the Apollonius epi

cycle another 'Ur\fi epicycle in order to account for the motion around the 

equant as was done by 'Ur\II . In essence, Ibn al-Shatir's model for the upper 

planets is the same as that of 'Ur\II, except for the transposition of the eccen

tricity that was used by 'Ur\II, and which was one and a half times as large 

as that of Ptolemy, to an epicycle with the same radius. The rest of the model 

preserved the same properties. That is, it deployed the same dimensions for 

the 'UrQI epicycle, and the same motion conditions, exactly as was done by 

'UrQI (figure 6.5) .  

As a new tool, 'Ur\II's Lemma, was also used by other astronomers and in 

new areas of application as well, as we have also seen before, most notably 

by 'Ala' al-Din al-Qushji (d. 1 474) and by Shams al-Din al-Khafri (d. 1550) in 

their respective constructions of their models for the motion of the planet 

Mercury. Both of these astronomers could assume that they had this new 

tool in their repertoire, to use it whenever they pleased. The fact that it was 

used by the previous astronomers for some 200 years must have been taken 

as a proof that first, it withstood the test of time, and second, that it was a 

more general form of the Apollonius theorem. It clearly allowed for the 

transposition of eccentricities to deferent circumferences. But most impor

tantly, it also allowed for the transposition of reference points for uniform 

motions, such as the motion of the equant, or any other center of motion 

that was required by the observations. 

And since Copernicus had used the same model for the upper planets that 

was used by Ibn al-Shatir (figure 6.6) ,  with the additional transposition of 

the center of the universe to the sun of course, in that sense Copernicus too 

ended up using 'Ur\II 's Lemma, as Ibn al-Shatir had done before him. 
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Figure 6.5 

Ibn ai-Shatir's model for the upper planets, clearly showing the incorporation of 

'Ur<;II's Lemma. 

Copernicus, however, did not apparently realize the full significance of 

the two components of Ibn al-Shatir's model (the Apollonius and the 'UrQ.I 

components), and simply used the model as a whole, by transposing it to 

heliocentrism as we just said. As a result he did not feel that he had to pro

duce a formal proof for the 'UrQ.I component as he had done with the TU.si 

Couple. It was Kepler ( 1630) who wrote to his teacher Maestlin ( 1 63 1 )  to 

ask him specifically about this omission on the part of Copernican astron

omy, as was already demonstrated by Anthony Grafton. 1 7  And it was Maest

lin who supplied the proof of that specific case of the 'UrQ.I Lemma which 

applied to the model of the upper planets, without supplying the general 

proof as 'UrQ.I had done. 

For our purposes, the almost unconscious use of 'UrQ.I 's Lemma by Coper

nicus, in a construction that was identical to that of Ibn al-Shatir, minus 

heliocentrism of course, must raise doubts about Copernicus's awareness 

of the roots of all the mathematical techniques that were put at his dis

posal. Would he have proposed this very new theorem? And would he 

have offered a formal proof of it as was done by 'UrQ.I , and as he did for the 
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A schematic representation of the model for the upper planets as conceived by 

Ptolemy, 'Ur<;II, Ibn al-Shatir, Copernicus, and Khafri. If one thinks of the radii of the 

spheres as vectors, all the models predict the same position for the planet P. 

complementary Tus1 Couple that he also had to use, had this new theorem 

not been at his disposal from the Islamic sources? I doubt that very much. 

But this example of the use of Ibn al-Shatir's model by Copernicus does 

not even begin to illustrate the extent of the technical interdependence 

between the two astronomers. For in addition to the identical construction 

of the lunar model, which we already discussed before, and now the iden

tity of the model for the upper planets, Ibn al-Shatir and Copernicus also 

used identical techniques for resolving the last model of the classical plane

tary theory (the Mercury model). 

If one were to compare Copernicus's model for the planet Mercury to that 

of Ibn al-Shatir, and if one were to allow for the simple mathematical trans-
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position from geocentrism to heliocentrism and vice versa, one will be 

struck by the similarities between the works of the two astronomers. In this 

instance, both Ibn al-Shatir and Copernicus used a construction of a math

ematical model that deployed in its last connection the use of a Tusi Couple, 

in order to allow for the planet's epicycle to be brought close to the Earth, at 

the two perigees which were observed by Ptolemy, and to recede away at the 

apogee. The complete agreement on the technique of achieving this oscilla

tory motion, while moving the epicycle nearer and farther, raises the ques

tion of the possible influence of one astronomer over the other, especially 

when we already know of the other similarities that we have already wit

nessed in the other contexts. But the case of the Mercury model in particu

lar brings some remarkable evidence for the case of the interdependence 

between the two astronomers; this evidence elevates the discussion of the 

similarities to a whole new level. 

When Swerdlow studied the first version of Mercury's model in Coperni

cus's Commentariolus, which was itself written before 1 5 14, he immediately 

realized that Copernicus was not aware of the full significance of the model 

he was describing. For example, Copernicus thought that the planet would 

have its largest orbit (i.e. the size of its epicycle would look the largest) at 

quadrature (i.e. when the center of the epicycle-or the Earth in Coperni

cus's language-was at 90° away from the apogee) while the model itself 

would predict two such largest appearances when the center of the epicycle, 

or the Earth, was at 120° on either side of the apogee, exactly as Ibn al

Shatir's and the Ptolemaic models would have predicted, and not at 90° as 

Copernicus now claimed. Having realized that, Swerdlow said: 

Copernicus's model for Mercury which, like his other planetary models, is identical 

to Ibn ash-Shatir's model except for the heliocentric representation of the second 

anomaly, is based on exactly this separation of the equation of center from the 

motion of the center of the eccentric in Ptolemy's model. 18 

While discussing the point, Swerdlow went on to explain why Copernicus 

did not seem to realize where his model would produce Mercury's closest 

position to the Earth (figure 6. 7): 

There is something very curious about Copernicus's description . . . .  Copernicus 

apparently does not realize that the model was designed, not to give Mercury a larger 

orbit (read epicycle) when the Earth (read center of the epicycle) is 90° from the apsidal 

line, but to produce the greatest elongations when the Earth (read center of the epicycle) 

is ±120° from the aphelion (apogee). 19  
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A model depicting the motion of the planet Mercury as described by Ibn al-Shatir. 

Copernicus adopted the same model without fully realizing the manner in which it 

functioned. Copernicus seems not to have realized that the apparent size of an object 

depended on the size of the object and on the object's distance from the observer. It 

seems that Copernicus confused the size of the planet's orbit, as marked by the dashed 

circles, with its appearance for an observer at point 0. Although the planet's orbit 

indeed reaches its greatest size when the epicyclic center is 90° from the apogee, for 

an observer at point 0 the dashed epicycle does not appear the largest at that point, as 

Copernicus contends. Rather, it appears largest when the epicyclic center reaches 

±120° from the apogee, as would be predicted by the observations of Ptolemy which 

were followed by Ibn al-Shatir, and as can be seen from the comparison between the 

maximum elongation angles at 90° (solid lines) and at 120° (dashed lines). 
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With all these problems laid bare, Swerdlow concluded: 

This misunderstanding must mean that Copernicus did not know the relation of the 

model to Mercury's apparent motion. Thus it could hardly be his own invention for, 

if it were, he would certainly have described its fundamental purpose rather than 

write the absurd statement that Mercury "appears" to move in a larger orbit when the 

Earth is 9()D from the apsidal line. The only alternative, therefore, is  that he copied it 

without fully understanding what it was really about. Since it is Ibn ash-Shatir's 

model, this is further evidence, and perhaps the best evidence, that Copernicus was 

in fact copying without full understanding from some other source, and this source 

would be an as yet unknown transmission to the west of Ibn ash-Shatir's planetary 

theory.20 

Later, while assessing Copernican astronomy in the context of Renais

sance astronomy, Swerdlow returned to this very point of the connection 

between Copernicus and his predecessors, and particularly to the problems 

in the Mercury model: 

The transmission of their ! meaning the Maragha astronomers] inventions from 

Arabic in the East to Latin in the West is obscure. Yet Copernicus's lunar and plane

tary theory in longitude in the Commmtariolus, right down to the additional compli

cations for Mercury, is that of Ibn al-Shatir in nearly every detail, except for the 

heliocentric arrangement and the extraction of parameters from the Alfonsine Tables, 

and it is hard to believe in light of so many and such complex identities that Coper

nicus was entirely without knowledge of his predecessors.21 

Taken together, all the previous evidence of the interdependence between 

the works of Copernicus and those of 'Un;ll , TU.si, and now Ibn al-Shatir, 

must at least strengthen the claim of a westward transmission of astronom

ical ideas from the world of Islam to Renaissance Europe. The works and 

newly invented theorems and mathematical techniques of 'Un;ll , TU.si and 

Ibn al-Shafir, were all organically and integrally connected to the preceding 

results of Islamic astronomy. This evidence clearly demonstrates as well how 

the totality of those earlier results had by the sixteenth century become the 

tools of the new astronomy that Copernicus was beginning to construct. 

When all that evidence is taken together, then it is in that sense that one 

must understand the statement of Swerdlow and Neugebauer, in their latest 

book on the mathematical astronomy of Copernicus, when they tried to see 

Copernicus as the last Maragha astronomer rather than a completely dis

connected figure who was forging a new astronomy completely based on 

new grounds of his own construction.22 
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Possible Routes of Contacts with Copernicus 

All the evidence just cited, and the remarkable similarities between the 

works of Copernicus and the works of his predecessors from the Islamic 

world have not gone unnoticed as we have seen. In fact it continues to raise 

some very fundamental questions about the actual intellectual environ

ment in which Copernicus conceived his path-breaking work. And like all 

good research results, this connection between Islamic and Copernican 

astronomies does not only raise new questions for the students of Coperni

can astronomy, as it must do, but also in turn it raises some very interesting 

problems for Islamic astronomy as well, as we shall soon see. 

Even if one grants the existence of those connections on the intellectual 

level, still the problem of contacts between Copernicus and his predecessors, 

in the historical sense, remains further complicated by the fact that we have 

no evidence whatsoever that Copernicus himself knew any Arabic at all. We 

also have no evidence that any of the works of 'Ur<;II, Tlisi or Ibn al-Shatir, 

with which Copernicus seems to be in direct contact, had ever been trans

lated into Latin in the same way that other Arabic sources were translated 

earlier into Latin. We cannot speak about the works of these astronomers in 

the same way we speak about the translations of the works of Avicenna or 

Averroes that went into Latin during the medieval period. We cannot even 

compare them to the translations that took place during the Renaissance, 

such as the fresh translations of the Avicennan works that were executed by 

Andreas Alpagus,23 for there does not seem to be an equivalent Andreas for 

the astronomical works. And yet we know that the results that were pro

duced in the Arabic astronomical works mentioned before, seem to have 

found their way to the technical repertoire of Copernicus so that he could 

use them so freely in his own construction of his own astronomy, and at 

times even use them without digesting them fully as we just saw in the case 

of Mercury. 

Furthermore, we know that these same mathematical theorems and tech

niques, which must have seemed as novelties to Copernicus, were exten

sively used by Arabic-writing astronomers for centuries, as we just saw, well 

before Copernicus, as well as contemporaneously with him, and even after 

his time. They have a continuous tradition in the Islamic domain for which 

we find no parallel components in the Latin West. There is some mention of 
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the use of the Tlisl Couple at the time of Copernicus in the Latin sources,Z4 

but that is almost the full extent of it. One does not find the multiplicity of 

similarities that were just discussed. 

From a slightly different perspective, and for the purposes of the results 

that will be drawn later, we should note at this point that those same 

astronomical results that were established in the Islamic domain were 

expressly generated in the context of objecting to, reformulating, and 

casting doubt on the Greek astronomical tradition. In a sense, unlike the 

works of Avicenna and Averroes that could have been arguably translated 

into Latin in order to harvest the older Greek Aristotelian thought that 

they contained, those mathematical and astronomical results represented 

their own rebellion against those Greek sources. From them one could not 

recover Greek thought. On the contrary, one rather found the very cri

tique of Greek thought. In themselves, those Arabic astronomical sources 

were creating alternatives to Greek astronomy instead of "preserving" it 

as we are often told. And most surprisingly, they all came from the period 

that has been dubbed, for centuries now, as the period of the deepest 

decline in Arabic thought. 

So why a Renaissance scientist would be interested in recovering infor

mation from such sources, when these sources were representatives of a 

declining culture, if we were to believe the classical narrative of Arabic 

scientific historiography? Furthermore these sources were written expressly 

to counter Greek astronomical thought rather than preserve it. So why any 

Renaissance scientist would be interested in them, if the purpose of the 

Renaissance intellectual project was the recovery of the sources of classical 

Greco-Roman antiquity as we are also so often told? 

On the other hand, when we remember the iconographic treatment to 

which Copernicus has been subjected, by those who name revolutions after 

him, and the portrayal of his revolutionary role as a path breaker, it will 

become difficult to imagine how and why would the same person seek 

results from sources that were steeped in saving Aristotelian cosmology, 

such as the Arabic astronomical sources seem to have been doing. If his pur

pose was to topple that cosmology altogether, as we are told by the literature 

about Copernicus, wouldn't he have looked somewhere else? Furthermore, 

if we are to believe that the works of Copernicus crystallized the spirit of 

modern Renaissance science, then we would have to contend that the basic 
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technical foundations for this "modern" science were already laid in the 

Islamic world, centuries before, as we now realize that the only two theo

rems that were used by Copernicus to construct his own astronomy, that 

were not already found in Euclid or Ptolemy, were the theorems of 'Urqi and 

Tusi. All these questions and reflections force us to review our standard his

toriography of Renaissance science first, and then, most importantly, the 

historiography of Islamic science itself. 

Among the problems that the project of Islamic historiography must 

entail is that of explaining which Arabic work may have been available to 

Copernicus, if we were to continue to think that those astronomical results 

reached Copernicus directly from Arabic sources. The difficulty becomes 

critical when we realize that so far we can establish similarities between the 

works of Copernicus and the works of 'Urqi, Tusi and Ibn al-Shatir, but in 

such a way that none of those Arabic sources could account for all those sim

ilarities. That is, if we were to assume that Copernicus knew of 'Urqi's work, 

we cannot explain from that work alone his knowledge of Tusi's Couple. 

And if we assume he knew of Tiisi's work, then we cannot explain his 

acquaintance with 'Urqi's work through Tiisi's work. And if we assume that 

he knew of Ibn al-Shatir's work, who lived a century after 'Urqi and Tusi, 

then we cannot explain Copernicus's insistence on proving the Tusi Couple 

which is nowhere proved in the work of Ibn al-Shatir. And of course it 

becomes almost impossible to conclude that he knew of all these works 

individually and that he synthesized them himself when he did not know 

any Arabic, nor having had any of them available to him in Latin. 

The best working hypothesis that can be proposed at this point is to think 

of Copernicus's acquaintance with some type of an Arabic astronomical 

work that contained commentaries on earlier works, such as the work of 

Qutb al-Dln al-Shirazi (d. 1 3 1 1) where one could find proofs of Tusl's theo

rem like the one reproduced by Copernicus, since the works of Shirazi were 

themselves commentaries on Tusi's work. In addition the works of Shirazi 

also contained the adoption of 'Urqi's model for the upper planets, which 

was summarily adopted by Copernicus through Ibn al-Shatir's work and 

where he almost unconsciously adopted 'Urqi's Lemma. We just said that 

this model was the chosen model for Shirazi against the model of his own 

teacher TusL But then Shirazi's work does not have the worldview of Ibn al

Shatir. And thus it cannot explain the identical lunar model of Ibn al-Shatir 

that was adopted by Copernicus, nor his deployment of the same Tusi 
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Couple technique a s  was done b y  Ibn al-Shatir while describing the motions 

of the planet Mercury. If we follow the route of commentaries, then it will 

be for historians of Arabic astronomy to find a commentator, such as 

Shirazi, who must have lived after Ibn al-Shatir, and who must have prob

ably written a lengthy commentary on Ibn al-Shatir and tried to place Ibn 

al-Shatir's works in the context of the earlier works of 'Un;II and Tiisi. But no 

one knows of such a commentary and the problem is yet to be solved. 

The historiographic lesson, though, is the following: Had it not been for 

those similarities that have now surfaced between the works of Copernicus 

and the earlier astronomers of the Islamic domain, this problem would not 

have arisen in the first place, and we would not have even suspected that 

such commentaries may even exist. 

There is yet another line of research that has to be pursued as well, this 

time taking a direction well rooted in the works of Tiisi. The later com

mentators on Tiisi's Tadhkira have already started this research but very 

few people have pursued it in the modern literature. 25 The research in 

question has to do with implications of the rupture of the Aristotelian uni

verse by the Tiisi Couple. The rupture is in the following sense. As we have 

already said before, Aristotle had already divided he universe, on the basis 

of the natural motion of its elements, into two basic divisions: the celes

tial region (which moved by the natural circular motion of the element 

ether of which the celestial world is made) and the sub lunar region (where 

linear motion predominated). With Tiisi's Couple, one can now demon

strate that circular motion could produce linear motion, and vice versa. 

Does that mean that the Aristotelian division has to collapse as a result, to 

what extent, and what can be saved of it if any? Only future research will 

uncover such repercussions. 

Returning to the problem of contacts with Europe, the fundamental ques

tion for the intercultural science still remains: How could Copernicus know 

about those Arabic results, at such a late date, with all the known conditions 

of the Renaissance? The answer to this question has to presuppose other 

questions about Copernicus himself. Did he know Arabic at all? Was he in 

contact with Arabists? How well did the Arabists that he knew know about 

technical Arabic science? All these questions go to the very core of the intel

lectual environment during the Renaissance, and will have to be tackled 

from both sides of the Mediterranean. 
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The Byzantine Route 

So far the assumption had been that Copernicus did not know any Arabic, 

and since the Arabic sources were not translated into Latin, he must have 

known about them through some other language to which they were 

"translated" and that Copernicus could read. Again it was Neugebauer who 

assumed correctly that Copernicus, like all other well educated Renaissance 

men, could read both Greek and Latin. Since Latin could not be considered 

as the language of translation for there was no evidence that the Arabic texts 

were translated into it, that left Greek as the only possibility, according 

to Neugebauer's implied reasoning. This train of thought led Neugebauer to 

examine the Byzantine Greek sources for clues to the solution of the prob

lem of transmission. At the time when Neugegauer first came in contact 

with the Arabic material that signaled possible contacts with Copernicus, he 

had already been working on the Byzantine astronomical texts for his own 

Studies in Byzantine Astronomical Terminology. So at first glance, Byzantine 

Greek looked like a plausible route for such a transmission. Within few years 

Neugebauer's diligent search quickly yielded a very interesting fruit in the 

form of a Byzantine Greek manuscript now kept at the Vatican library as Gr. 

21 1 .  The manuscript in question contained a Greek version of Tlisi's couple, 

and thus seemed like a good lead to pursue. But now that the same manu

script has been published, 26 we can clearly see that although it seems to have 

a qualitative description of the Tlisi Couple, it does not seem to have the 

proof of that Couple. And as we have seen before, there were remarkable 

similarities between the proofs of the Tusi Couple in the Arabic work of Tlisi 

and the Latin work of Copernicus. And we have seen that both proofs 

depended greatly on the identical usage of the same letters of the alphabet 

to designate the same geometrical points. So the proofs are essential to 

explain this phenomenon and to clench the argument of the possible con

nections between the two. Nor does the Vatican Greek manuscript contain 

any of the material of 'Ur<;II or Ibn al-Shatir, which we have seen were very 

relevant to Copernicus and somehow made available to him. 

All those issues and questions go beyond the accepted historiography of 

science, as it is now generally understood. Copernicus's connection to ear

lier Islamic material is such a new field of research that it has not yet had the 

chance to have an impact on the general history of science. But whatever 

information we now possess, inevitably leads us to the conclusion that there 
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must have been an intimate connection, at  least on the theoretical mathe

matical level, between the works of Copernicus and the works of his prede

cessors in the Islamic world. 

A word of caution is in order so that these issues of contacts between 

Copernicus and his predecessors in the Islamic world will not be confused 

with Copernicus's genius idea of heliocentrism. None of the astronomers 

who worked in the Islamic world, and who have been mentioned so far, had 

any interest in such concepts as heliocentrism. In my estimate, they were 

so closely wed to the stubborn, but all comprehensive, Aristotelian cos

mology, which dictated a geocentric universe, and which continued to reign 

supreme in the world of astronomy all the way till the time of Newton. This 

despite the hints and disparaging remarks one would hear about it from 

time to time by astronomers working on both sides of the Mediterranean. 

In this context too, one is also forced to raise the question of the scientific 

legitimacy of heliocentrism itself in a pre-Newtonian universe, where no 

alternative cosmology was yet available. Copernican scholars, who have 

been busy trying to explain the origins of Copernican heliocentrism, have 

yet to explain how could Copernicus convince himself that he could shift 

the center of motion to the sun without having to propose some non

Aristotelian cosmological theory that could hold the world together in the 

same way the Artistotelian cosmology did.27 That is, without the benefit of 

the Newtonian law of universal gravitation, how could he have hoped to 

maintain the system together? 

What Copernicus's predecessors were doing was well within the limits 

of Aristotelian cosmology. And in that sense they were perfectly consistent 

in their attempt to replace the Ptolemaic models with alternative models 

that behaved much more consistently by avoiding the absurdities of the 

Ptolemaic models. But for Copernicus to complain, in the introduction of 

his Commentariolus about the equant�, a complaint that made sense only in 

an Aristotelian universe, and then go ahead and abandon all that system, 

and retain the modified models that avoided the absurdity of the Ptolemaic 

equant, is very puzzling indeed. The models that were developed in the 

Islamic world to solve the problem of the Ptolemaic equant, were developed 

specifically so that the models would be consistent with Aristotelian cos

mological considerations. So if one was willing to abandon the Aristotelian 

universe, then why retain those models? Such problems will have to be left 

for the Copernican scholars to handle. 
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All the attempts that were developed in the Islamic world to revamp Ptol

emaic astronomy were, in essence, motivated by the simple and straight

forward requirement of keeping astronomical theory consistent with its 

premises. That is, all those astronomers took Ptolemy at his word that he 

wished to develop astronomical models all based on a universe made of 

Aristotelian spheres, and all spheres moved around their own centers, in 

place, at uniform speed. When they found the Ptolemaic models wanting, 

they developed their own alternative models, for which, at times, they had 

to develop the right mathematical theorems in order to maintain the corre

spondence between those models and the observations upon which the 

models were based in the first place. 

With that attitude, they managed to introduce the feature of consistency 

into astronomical theory, and to subsume mathematics as a tool of that 

theory. These astronomers who did not tolerate the Ptolemaic transgres

sion into elegant mathematics at the expense of the physical nature of the 

presupposed spheres, would not in all likelihood have tolerated a whole 

new heliocentric system where the very foundations of the spheres, that 

were still retained by Copernicus, no longer made sense in the heliocentric 

world. Consistency between the presuppositions, the physical nature of 

the spheres, and the mathematics that represented the motions of those 

spheres, on the one hand, and models that served as predictive models for 

the behavior of the planets at any time and place, on the other, became the 

guiding principle of Islamic astronomy at this stage. Only at a later stage, i.e. 

toward the middle of the sixteenth century, would mathematics take its 

proper role as a tool of astronomical theory. 

The fact that Copernicus too launched his own research, in the Com

mentariolus, with the same attitude of wishing to solve the problem of the 

equants, simply means that at the early date of the sixteenth century, if not 

well before, the flow of ideas across the Mediterranean was already in full 

gear. And now that we can document the similarities between the works of 

Copernicus and those of his predecessors in the Islamic world, they only 

confirm the fluidity of this traffic. Once that becomes clear, one can then 

readdress the question of " locality" versus "essence" of Islamic science by 

basing the discussion on concrete examples such as the ones that are being 

raised here.28 If the solution of a problem that was developed in Damascus 

in the middle of the thirteenth century, and still made perfect sense to some

one like Copernicus who was writing within the context of the Latin world 
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of the Renaissance, then it becomes obvious that neither the passage of time 

nor the cultural borders could inhibit this motion of perfectly valid solu

tions. So what is "local" and what is "essence" about the solutions of such 

problems? 

These findings do not only explain the background and motivation of 

the Copernican works; they also explain the continuity of thought from 

the Middle Ages into the Renaissance time, without having to make wild 

assumptions about ideas being born in abstract contexts. Their sheer num

ber and complexity, as well as their technical nature also remove the possi

bility of coincidental discovery, and force us to agree with Swerdlow and 

Neugebauer that it is no longer the problem of "if" but "when, where and 

in what form" did Copernicus learn of those earlier works.29 The answer to 

this question promises to change our common understanding of the his

tory of science itself, as well as change our understanding of the nature of 

the relationship between Europe and the Islamic world at this crucial time 

in history. 

The Renaissance Arabists 

So far I have limited the discussion of the possible routes of contacts 

between Copernicus and the Islamic world to the language that Copernicus 

could read and into which the Arabic sources could have been translated: 

Byzantine Greek. But since the discovery of the Byzantine manuscript, Gr 

21 1 ,  of the Vatican, by Neugebauer, other hints of possible routes have come 

to light, mainly from the Arabic manuscripts themselves. One such manu

script, also kept at Vatican, Arabo 3 19, is another copy of the Takhkira of 

Na�fr al-Dfn al-Tus!, in which, of course, there is a chapter that included 

the proof of the Tusf Couple. The manuscript itself was passed on to the Vati

can Library as part of the legacy of a Frenchman by the name of Guillaume 

Postel ( 15  10-1 581) who was a younger contemporary of Copernicus.30 

What makes this Vatican manuscript quite unusual is the fact that it is 

titled " Epitome Almagesti ." With Della Vida's help it was then determined that 

the identification was done by Postel himself. But more importantly, the 

manuscript also contains marginal annotations in Latin, also by Postel, that 

indicate his ability to read this highly technical astronomical text of Tusl. 

He could clearly comment on it, although very briefly, which means that 

he understood what he was reading. The text is reasonably well preserved, 
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especially around the chapter that included the statement and proof of the 

Tlisi Couple, and thus could have presented no material difficulty to some

one who was capable of understanding its contents. 

The existence of such a manuscript also indicates that there were Renais

sance men who knew Arabic, and definitely knew of the contents of tech

nical scientific texts.31 The problem is to determine whether Copernicus 

himself ever came to know such men. For if he did, then it would be quite 

possible to assume with Willy Hartner that someone could have briefed him 

about the contents of such manuscripts, that is, bring him up to date on the 

latest in Arabic astronomy. 

Such a scenario may inadvertently help solve the problem of Copernicus's 

indebtedness to more than one Arabic text and for which I had to speculate 

about the existence of a text that was written after the time of Ibn al-Shatir 

in the form of a commentary that included elements from the works of Tusi, 

'Un;li, and Ibn al-Shatir; texts that we know have come to the attention of 

Copernicus. Assuming the existence of such a colleague, to whom Coper

nicus could go for consultation, may solve that problem: it would make the 

colleague the gatherer of such information from various texts, and it could 

make him responsible for passing it on to Copernicus. 

But once it was known that Postel owned at least one technical Arabic 

astronomical manuscript, it was reasonable to investigate other collections 

and see if they also included such manuscripts that were owned by him, in 

order to determine the extent of Postel's own commentaries. The hope was 

that this kind of research would shed light on the kinds of texts such con

temporaries of Copernicus were reading. We would also know if the Vatican 

manuscript was an exception or a unique occurrence. 

The search was then enlarged to include the astronomical texts that are 

still preserved in other European libraries. Luckily the first step in that 

research was immediately rewarded by the collection of the Bibliotheque 

Nationale of Paris. Among the Arabic manuscripts still kept in that collec

tion there appeared another technical text, called Muntaha al-idrak (f 

taqaslm al-aflak (The Ultimate Grasp of the Divisions of Spheres), this time 

written by Abu MuJ:lammad 'Abd al-Jabbar al-Kharaqi ( 1 138/9) . The manu

script is definitely devoted to mathematical astronomy as is clearly indi

cated in the title. Furthermore, it is explicitly marked as having been owned 

by the same Gillaume Postel with the phrase "ex libris guilielmi postelli'' 

clearly marked on the title page.32 On the first flyleaf, the manuscript also 
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states that it was bought in Constantinople in 1 536, as it is clearly marked: 

"G. postellus Contantinopoli 1 536." The year 1 536 also happens to be the year 

that culminated the mission of the delegation that had been sent to Con

stantinople by the French King Franc;ois I ( 1 5 1 5-47) to negotiate a treaty 

with the Ottoman Sultan, Suleiman the Magnificent (1520-66). The treaty 

was in fact signed in that year.33 This Postel was apparently a member of the 

delegation. And we know that he was charged to buy Greek books by Bude, 

the Librarian of Franc;ois I .  But apparently Postel opted to buy Arabic scien

tific texts instead. 

The earlier background of Postel, his childhood, education, and his 

acquisition of Hebrew and Arabic, as well as the other languages that he 

apparently knew, remain obscure. But the fact that he was selected to join 

the French delegation to Constantinople must mean that he had already 

acquired some fame as someone who knew what was then known as orien

tal languages, so that he could possibly act as an interpreter to the French 

delegation. It would be most interesting to find out the name of the Person 

who could have taught him Arabic in Paris in the early part of the sixteenth 

century. And was the Paris environment, in terms of exposure to such ori

ental languages as Arabic, much different from other cities in Eastern Europe 

and northern Italy where Copernicus spent his professional career, or was it 

the norm? Such a question bears directly on Copernicus's access to Arabic 

scientific material, which did not have to be translated into Latin. 

Postel's trip to Constantinople was apparently quite successful, for in 

addition to the two Arabic manuscripts that he owned there were others 

that were signaled by Della Vida, which may have ended up in other 

European libraries.34 And because of the signature of the treaty, which must 

have pleased the French king,35 Postel was apparently rewarded with an 

appointment as professor of mathematics and oriental languages at the 

College Royal which later became the College de France. The philosophical 

Arabic manuscript, of the Lei den Library, clearly attests to this appointment 

since it is signed "Royal Professor of mathematics,":l6 which must refer to his 

official appointment to the College. 

But Postel did not last long at the College, and for reasons that remain par

tially obscure he was dismissed of this post by 1 543, the year when Coper

nicus died. From then on, his life took a dramatic turn as he began to pursue 

cultural and religious topics, but continued to make further trips to the 

Islamic world and to acquire other Arabic scientific texts, most notably 
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between the years 1 548 and 1 5 5 1 .  Several of his trips took him through 

northern Italy, where he was finally involved in a spiritual conversion that 

may have cost him his demise and his eventual imprisonment by the Pope 

and his retreat to a convent near Paris where he finally passed away in 1581 .  

Other manuscripts at  other libraries such as the Bodleian (Oxford) and 

the Laurentiana (Florence), some from Copernicus's lifetime while others 

from after his death, also contain similar marginal annotations, and some

times even interlinear translationsY Such evidence attests to a widespread 

interest in most European cities in the Islamic sciences contained in those 

manuscripts. 

The causes of this European interest in Islamic science at these latter ages 

remain very poorly studied. One can understand the reasons for it from 

the period of Copernicus's own lifetime, since the status of science in the 

European cities at that time was almost on equal footing with that which 

had been known in the Islamic lands. But the interest seems to continue well 

into the seventeenth and eighteenth centuries. And that becomes much 

more puzzling.38 

Other questions remain of interest in this respect, and relate to the image 

of Arabic/Islamic science in those European cities in contrast to the 

image of the more ancient sciences. From the evidence that has survived 

so far, and this widespread interest in almost all fields of science, one may 

safely speculate that to a Renaissance person of the sixteenth and early 

seventeenth centuries Arabic science must have seemed quite advanced 

over and above the more classical Greek science, especially in the field of 

Astronomy. Such a person would have known from several sources, and par

ticularly from the often quoted disparaging remarks that were made by 

Averroes himself in his own commentaries on the Aristotelian works, that 

Ptolemaic astronomy had been under attack in the Islamic world. Someone 

like Andreas Alpagus (d. 1 522), who lived and studied in Damascus for about 

1 5  years and who returned to Padua, probably near the turn of the sixteenth 

century, to assume the chair of medicine at Padua in 1 505, thus possibly 

overlapping with Copernicus's sojourn in that general area where he 

acquired his last degree in canon law from nearby Ferrara, may have known 

of the attacks against Ptolemaic astronomy, or may even have heard about 

the remarkable reform of that astronomy that had been accomplished by 

Ibn al-Shatir ( 1375) of the same city of Damascus nearly 100 years earlier. 

All these contacts with the Islamic world, of which we gave here the bare 
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minimum by way of examples,39 would have easily brought the news that 

the old Greek astronomy was already in great dispute in the Islamic lands, 

and that its results as well as its basic foundations were severely questioned 

and at times even overturned. A Renaissance person would then have every 

reason to seek information about these latest reforms that took place already 

in the Islamic world, and would in all likelihood only keep an antiquarian 

interest in the details of Greek astronomy. In such a setting, the image of 

Islamic science in Renaissance Europe would have attained a status similar 

to the one it attained in Byzantium in the early part of the fourteenth cen

tury, where astronomers would travel from Constantinople to Trebizond, in 

order to acquire the latest of Islamic astronomy, as was done by the author 

of the Byzantine Greek manuscript who brought the Tiis1 Couple into Greek. 

There is no doubt, then, that there were enough Arabists in various 

European cities who were not only writing Arabic grammars, as Postel did, 

but who were like Postel equally competent enough to read the technical 

contents of scientific manuscripts and to understand their import and thus 

pass them on either orally or even by request in a tutorial fashion. With 

Poland, where Copernicus was born, being so close to the borders of the 

Ottoman empire at the time, and with the free flow of books, trade, and 

scholars across the Mediterranean through the northern Italian cities, where 

Copernicus received his education, we must suspect that there were many 

people like Postel who could have advised or even tutored Copernicus on 

the contents of Arabic astronomical texts. Now that we have established the 

likelihood of another route, one hopes that future research will continue to 

explore it in order to explain the likelihood of such a scenario. 

Contacts in the Field of Instruments 

Lest we think that planetary theories were a special case of their own, and 

that contacts between the world of Islam and Renaissance Europe were 

restricted to connections with Copernican astronomy only, it is important 

to note that similar exchanges were taking place in a variety of other dis

ciplines.40 At this point, a few examples from cognate fields like the field 

of scientific instruments should be enough to make the point. Such sup

plementary evidence points to two curious instances that demonstrate a 

close connection between the instruments that were being produced in 

Renaissance Europe and those that were already produced in  the Islamic 
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world. Those instruments were produced centuries apart and their existence 

simply signals the range of contacts between the Islamic world and Renais

sance Europe. 

The first instance of contacts between the Islamic world and Renaissance 

Europe in the field of scientific instruments concerns Antonio de Sangallo 

the Younger ( 1484-1546), one of the most famous architects of Renaissance 

Italy. Among his papers, now still kept at the Uffizi in Florence, 41 there is one 

sheet that contains, on one face of it, a detailed drawing of an astrolabe that 

was made in Baghdad around the year 850, and on the back a drawing of 

the rete of the same astrolabe.42 The reason we know such details about the 

drawing of this astrolabe is due to the meticulousness of de Sangallo, who 

not only copied the astrolabe on paper, face and back and rete, but, with 

great care, he also copied the name of the original maker of the astrolabe 

that was etched along the edge of the upper right hand quadrant on the back 

of the astrolabe. Unlike most other art objects that were produced in the 

Islamic domain, and did not usually carry the name of the artist, astrolabes 

were usually inscribed on the back with the name of the maker. So this astro

labe was not an exception. 

The name of the original Baghdad maker was Khaflf. He apparently 

apprenticed with a more famous astrolabist who lived in Baghdad around 

the year 850, by the name of 'All b. 'Isa.43 Because of that relationship, Kha

flf signed his name on the back of the astrolabe as "�ana 'ahu Kha(ff ghulam 

'Alf b. 'lsa, " which means: " It was made by Khafif the apprentice of 'Ali b. 

'Isa." De Sangallo dutifully copied this signature, which has no astronomi

cal significance whatsoever. The question that this sole paper of the Uffizi 

poses is: Why was someone like de Sangallo interested, in the first place, in 

an astrolabe that was made some 800 years earlier? This, when we know that 

de Sangallo was in his own right a famous architect who was entrusted with 

the building of St. Peter's cathedral in Rome, a monument that continues to 

stand witness to his skill and mastery. My suspicion is that the scientifically 

oriented men of the Renaissance, especially during the sixteenth century, 

must have thought very highly of all scientific things coming to them from 

the Islamic world, even instruments that were made centuries earlier. 

To complicate the puzzle somehow, and to point to directions already sig

naled in the case of the contacts with Copernicus, in astronomy, and with 

Michael Servetus and Real do Colombo in medicine, here too, there is no evi

dence that de Sangallo knew any Arabic. My suspicion is that the drawing, 

which duplicates all the Arabic inscriptions from that astrolabe, down to the 
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signature of the maker, only attests to his ability as a draftsman. And that in 

itself does not constitute enough evidence to conclude that he knew any 

Arabic, unless someone can demonstrate that de Sangallo ever learned 

Arabic, which would be very curious indeed. 

The second instance concerns the Renaissance reception of this particular 

area of scientific instrument, and the extent to which this field was particu

larly interesting to Renaissance men.44 The interest itself can be easily dem

onstrated by other contacts between the world of Islam and such famous 

astrolabe makers like the Arsenius family of astrolabists, who worked in 

northern Europe, mainly in the Flemish area, sometime toward the end of 

the sixteenth century. To illustrate the contact between this family of astro

labists and the Islamic world, consider the extant astrolabe (figure 6.8) that 

was originally made in Muslim Spain, and whose mater, back and plates 

were inscribed in Arabic by Mul_lammad Ibn Fattul_l al-Khama'ir1 in 619  A. H. 

= 1222 A.D. As is obvious from the picture, a member of the Arsenius family 

fitted the rete of this astrolabe with Latin inscriptions, and produced a 

plate that would work for the northern European clime.45 The existence of 

this astrolabe, in this form, could only mean that some member of that fam

ily was in fact working with Arabic astrolabes, and must have been some

how competent in Arabic. Or say that at least he must have been bilingual 

enough in order to use the new rete properly with the mater that was made 

by Khama'irl. The reason is that the rete was inscribed with the Latin 

names of the star, while the rim, against which the altitudes of those stars 

had to be read, still carried the Arabic alphabetical numerals that were orig

inally inscribed by Khama'irl. Therefore, we can only conclude that either 

Arsenius himself, the maker of the new rete and plate, or the user of the 

resulting hybrid astrolabe must have been able to read some Arabic at least, 

and that must illustrate some interest in the Islamic scientific instruments 

toward the end of the sixteenth century at such northern climes as the 

Netherlands. 

Other such hybrid astrolabes are probably still waiting in private collec

tions to be discovered. King's study of Instruments of Mass Calculations46 has 

many examples of such influences and thus it is highly likely that such 

hybrids exist. 

The same design of the retes that were commonly produced by the mem

bers of the Arsenius family (figure 6.9, right) may also demonstrate another 

connection between astrolabes that were made in the Islamic world and 

those that were made in Renaissance Europe and thereafter. In his most 
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Figure 6.8 

A hybrid astrolabe that was once kept at the Time Museum. The mater was made by 

al-Khama'irl in 1222, as clearly signed in the picture on the right. The rete, which 

carries the standard design of the Arsenius family, was made by one of the members 

of that family toward the end of the sixteenth century. 

recent publication, just cited, David King of Frankfurt raised the possibility 

that those designs may not at all represent tulips, as they are usually taken 

to do, but should rather be seen as skeletal representations of the Arabic cal

ligraphic phrase bism Allah al-Ra/:lmiin al-Ra/:!Tm (In the name of Allah, the 

Compassionate and the Merciful), which is the opening phrase of most 

chapters of the Qur'anY As is obvious from figure 6.9 (left), the inscription 

of the phrase is beautifully interwoven among the leafy star pointers of the 

rete. The Arabic calligraphic design of this particular rete, on the left, comes 

from a slightly later astrolabe, which was made in Persia by Mul)ammad 

Zaman in 1 65 1-52. And the astrolabe itself is still preserved at the Metro

politan Museum of Art, in New York City. But despite the later date of the 

astrolabe, the rete design may have descended from an earlier astrolabe rete 

that utilized the same mirror image calligraphy of the phrase, or from a sim-
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Figure 6.9 

Right: A standard rete produced by a member of the Arsenius family. This rete is 

thought to represent the form of a tulip. Left: A rete produced by Mul:Jammad Zaman 

of Persia in 165 1-52, which has the same design but for the Qur'anic verse bism allah 

al-ra!unan al-ra!fim. 

ilar design on other art objects that were produced in the Islamic world. The 

existence of calligraphic designs drawn in the shapes of animals or other 

objects are ubiquitously found among the artistic treasures of the Islamic 

world and may have influenced the production of such retes.48 

The claim that I wish to make here is that the very similarity between the 

calligraphic design of the Arabic phrase and the shape of the tulip may have 

motivated the Arsenius astrolabists to produce such similar retes, thus at 

once paying a very clever homage to the Islamic tradition, which they knew 

rather well when they fitted retes for Arabic astrolabes, and to the tulip craze 

that hit the Netherlands during their time. The craze itself appears to have 

been occasioned by the importation of tulips from the sixteenth-century 

Ottoman domain.49 The solution of this very intriguing problem has to wait 

for further work on Islamic metal works, astrolabes, and calligraphic designs 

in general, and on the routes that those works followed as they came into 

Europe. For now, the striking similarities between the two retes remain inter

esting as they demonstrate a certain relationship between the astrolabists of 

the Islamic domain and their European counterparts, even if that relation

ship may not be as well confirmed as the relationship of fitting a Latin rete 

on an Arabic astrolabe mater, as was done by one Arsenius astrolabist. 
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For those who work in the field of Instruments, very many other such 

instances will readily come to mind. And I am almost certain that they will 

agree with me that these examples can be multiplied manifold. But the two 

examples we have supplied so far should give us enough indication that the 

cognate field of instruments should also be investigated in the same context 

of contacts between the world of Islam and Renaissance Europe. 

Traffic from "East" to "West" 

Up to this point in the discussion, I have given few examples of the activi

ties of European Arabists and orientalists in their pursuit of science from 

Islamic land, and tried to assess the reasons for such interests. I had not 

intended an exhaustive treatment of the subject, which is worthy of a 

whole monograph by itself. 5° I only needed to hint to the possible sites of 

interaction between Renaissance Europe and the world of Islam. But I have 

neglected to mention that we do have some evidence of men of science 

who crossed over from the Islamic lands into various European cities, and 

of course brought with them the sciences that they knew from their old 

countries. 

The case of al-J:Iasan b. Mul).ammad Ibn al-Wazzan, better known as Leo 

Africanus (d. ca. 1550), immediately comes to mind. 5 1  Although Leo came 

from the western part of the Islamic world, he nevertheless had traveled 

extensively over all of North Africa and parts of the east. What concerns us 

here is that he was a man of great intellect, and was apparently very well 

acquainted with the Islamic intellectual scene of his day. More importantly, 

Leo was a contemporary of Copernicus, and a man of great scientific knowl

edge, who also taught Arabic at Bologna. 52 He may have come across people, 

or even taught some, who knew Copernicus themselves. His teaching Arabic 

at Bologna is significant in itself as well. For Bologna fell along the famous 

corridor from Venice to Florence, along which many Renaissance intellec

tual activities took place. Leo's personal output is slightly better known than 

others on account of his geographical writings that included tidbits of his 

personal accounts. But his intellectual life and his impact on Renaissance 

scientists, as well as his role in introducing scientific ideas from Arabic into 

Latin, is still not fully investigated from the perspective of the Renaissance 

knowledge of Arabic Islamic science. A scientific biography of this distin

guished pioneer scientist and belletrist is long overdue. 
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There were others too. For example, one could easily name members of 

the circle of the distinguished orientalist, Jean-Albert Widmanstadt (1 506-

c.1559), who was also a contemporary of Copernicus, and who may have 

also played a very important role in the transmission of Islamic scientific 

ideas to Europe; a role at least just as important as that of Guillaume Postel, 

whose input was already noted before. 51 A quick search for Widmenstadt's 

role revealed, to my pleasant surprise, that this Widmanstadt was himself a 

student of Leo Africanus,54 and also knew much Arabic material as well as 

the scientific contents of Arabic astronomical texts. In our context his role 

should be seen as part of the influence of Leo Africanus on Renaissance 

thought, but should also be considered as part of the network of orientalists 

who were contemporaries of Copernicus and who may have known about 

the achievements of Islamic astronomy and were competent enough to 

bring it to the attention of Copernicus. 

One can be certain that there were many more people who came in con

tact with Leo Africanus, and who may have either received information 

about scientific ideas directly from him or were guided by him to others who 

could supply the same. But until the field is fully explored with those ques

tions in mind, we cannot be certain about the kind of information that was 

transmitted, nor about the people who played as conduits for this transmis

sion. One thing we can be sure of is that there are much too many coinci

dences of ideas appearing first in Arabic texts, usually written between the 

twelfth and the fifteenth century, which reappear, without much explana

tion, in Latin sources of the sixteenth and seventeenth centuries. In most 

cases the original Arabic texts containing these ideas had never been "trans

lated" into Latin in the strict sense of the word. 

Others who followed similar routes as that of Leo Africanus, but at least 

under slightly different circumstances-if not of their own volition as 

far as we can tell-included people such as the Syriac Jacobite patriarch 

Ni'matallah, better known by his Latin name Nehemias (d. 1 590).55 This 

patriarch was involved in a series of conflicts in his native town, Diyar Bakr, 

of southeast modern Turkey, and in his own patriarchate of Antioch and All 

the East. At one point, his life became so endangered that he felt he had 

to flee to the Papal see via Venice. And in order to secure a generous Papal 

reception he used the excuse that he would help bring his followers back 

to the fold of the Roman church, and under the Papal flag. A note left at 

the margin of an elementary mathematical manuscript, still kept at the 
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Laurentiana Library in Florence, describes in some personal nostalgic terms 

the difficulties of his trip, saying that he was being tossed by the waves of 

the Adriatic Sea, during the year 1888 of the Greeks (15  77 A.D.), on his way 

to Venice. 56 

Once in Venice, apparently without knowing a word of Latin or Italian, he 

was attached to an eastern "traveler" by the name of Paolo Orsini. Orsini, 

who then acted as Ni'mata!Uih's interpreter, was originally a captured Turk

ish soldier, who, like Leo African us before him, accepted to convert to Chris

tianity. The two went to Rome, of course via Florence, as most people were 

prone to do in those days. Along the way, or maybe more likely in Rome 

itself, he made the acquaintance of the Cardinal Ferdinand de Medici who 

later became the Duke of Tuscany. Like all the Medici's, Ferdinand could 

quickly recognize a commercial enterprise when he saw one. With the 

invention of printing nearly 100 years old, and with Arabic not yet being 

exploited for that purpose, the Arabic books that the Patriarch was trucking 

along, which were all in manuscript form were too tempting to Ferdinand. 

He saw in them the possibility of starting an Arabic press and using those 

books, as the bases for the printed versionsY 

Of course, the excuse Ferdinand used, at least openly, was that he would 

use the press to produce reading material for the missionaries who could go 

out and convert the Muslims to Christianity. But the actual record of what 

was printed and sold at the Medici Oriental Press tells a different story.58 

While it may be quite understandable to produce 1 ,500 copies of the Arabic 

Bible for missionary activities, it would be much harder to justify the pro

duction of 3,000 copies of Euclid's Elements for the same purpose. And if one 

were to think that the publication of the Elements served a wider Renaissance 

purpose of recovering the scientific works of classical antiquity, one will be 

disappointed to learn that the Elements that were published by the Medici 

Oriental Press were not of the original Arabic translations of the Greek 

Elements (and two good translations are still extant), but rather a slightly 

modified version of the Elements. And what the Medici press published as 

Euclid's Elements was in turn a re-working of yet another re-working that was 

already produced toward the middle of the thirteenth century by the very 

same astronomer/mathematician Na�1r al-Din al-Tils1 who was mentioned 

several times already. 

Still, the disproportionate number of copies that were produced in the 

first place calls for a comment. Did the Medici Oriental Press prospector 

expect the missionaries to use more of the Elements than they would use the 
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Bible for the conversion activity? And if that was the purpose, the actual 

sales seem to support such a contention. The records show that the Arabic 

Bible sold 934 copies, while the re-worked Elements outdid that and sold 

1 ,033 copies. Based on sheer numbers alone, could one draw the ironic con

clusion that a re-working of Euclid's Elements served a better purpose in 

converting people to Christianity than the Bible itself? 

Similarly, one has to wonder also as to why the first six Arabic books that 

were published by this press would include four that had something to do 

with linguistic or demonstrative sciences and not that much relevance to 

religious material. Such linguistic and scientific texts were abundantly avail

able in manuscript form all over the lands of Islam, as any survey of extant 

library holdings can demonstrate. So what kind of profit a good Medici busi

nessman could have expected to make by shipping those books to the lands 

of Islam? 

When we consider the Renaissance environment, which apparently wit

nessed a great interest in Arabic scientific texts, one has to conclude that 

the real market for the Medici Oriental Press was in fact the European cen

ters of learning who were calling for a return to the original Arabic rather 

than depending on translations. Didn't Andreas Alpagus (d. 1 522) use the 

excuse of the unreliable medieval translations from Arabic in order to go 

to Damascus and learn Arabic so that he can produce new translations of 

Avicenna's works, a feat that he actually accomplished? And didn't Zach

arias Rosenbach (c. 1614), when the press was still functioning, propose that 

the learning of Arabic be introduced in the Herborn Academy for the med

ical students so that they could read Avicenna's Canon in the original?59 All 

these calls for Arabic texts must have sounded enticing for a good business

man seeking an investment, and Patriarch Ni'matalliih's library came in 

handy as it supplied the raw material for such an enterprising publishing 

endeavor. 

That most of Ni'matallah's books are still held in the Laurentiana Library 

speaks directly to this engagement between the Medicis and the Patriarch. 

But this was not the only contribution the Patriarch was to make to the intel

lectual life of the Renaissance. Sixteenth-century Europe had been obsessed 

with the problem of reforming the calendar as the celebration of Easter was 

continuing to slip backwards. And earlier councils, to which even Coper

nicus made a proposal for reforming the calendar, could not agree on the 

reform.60 The job was finally left to the committee that was appointed by 

Pope Gregory XIII in order that it would specifically accomplish this task. 
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One of the distinguished members of that committee was the same Patriarch 

Ni'matallah. His role on that committee should be quite understandable as 

he was the one who had brought along with him astronomical books that 

contained values for the lunar month and the solar year that were much 

more refined than the values that were found in the old Greek sources, or 

the prevailing medieval European sources.61 With his services on that com

mittee, Ni'matallah became an actual participant in the making of the 

European Renaissance, just as much as his two predecessors Leo Africanus 

and Paolo Orsini did before. 

What bearing does all this have on the works of Copernicus, and the prob

lem of the transmission of Islamic scientific ideas to him, as most of these 

names and activities mentioned here date either to the late or to the post 

Copernican period? In fact, the more we can document the reliance on 

Arabic scientific sources from the period following Copernicus, when the 

whole world view was supposed to have been changed by him, and by 

others like him who created what is now called the Copernican Revolution, 

the more one is forced to ask why was there such a need for Arabic texts in 

the latter part of the sixteenth century and early seventeenth? And if one 

can document that interest, as the few examples we have given here seem to 

do together with many more that were left unmentioned, then shouldn't 

one expect even a greater eagerness on the part of Renaissance scientists to 

learn from those Arabic sources in the earlier period when the revolution 

had not yet taken place? 

Conclusion 

With all this evidence that was admittedly gathered here solely for the 

purpose of explaining the specific connections that seem to exist between 

the Copernican astronomical texts and the Arabic antecedents from the 

world of Islam, things begin to look like we unintentionally stumbled on a 

Pandora's box. And with very little effort in documenting the connections 

whole areas of research have come to life as a result. Churchmen like Postel 

and Widmanstadt, who seemed like they were involved in strict church 

activities, turn out to have been knowledgeable Arabists and men of science 

in their own right. We can even tell that they were following in the footsteps 

of other Arabists like Ambroseo Taseo (d. 1 539), Andrea Alpagus (d. 1522), 

and before them Hieronimo Ramnusio (d. 1486 in Beirut) who were even 

much more glorious than them, and who may have laid the foundation 
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for this intercultural exchange whose import we are now just beginning to 

appreciate. 

But by looking at the works of these men, whether in the form of the 

fresh translations of Arabic scientific and philosophical texts by Andreas, 

or the still extant commentaries of Postel on more sophisticated astronom

ical texts, we cannot avoid but reach the conclusion that the Renaissance 

engagement with the Islamic world was of a completely different order than 

the engagement that took place during the Middle Ages. In the Middle Ages 

people relied more on the translations, and waited for them to be produced 

before they could use them. That was how the Latin translations of Averroes 

made their impact on Latin thinkers. But by the Renaissance time, men of 

science themselves apparently became Arabists and no longer needed the 

translations. They could go directly to the Arabic texts and exploit the ideas 

contained therein. Otherwise, how else can we explain the several occur

rences we noted so far in astronomy and medicine as well as in the other sci

ences where we have original ideas that were developed in the Islamic world, 

expressly to object and reformulate the Greek classical scientific tradition, 

only to reappear a couple of centuries later in the works of Renaissance 

scientists without ever having those Arabic texts translated into Latin? 

Copernicus or his collaborator or instructors, Michael Servetus and Realdo 

Colombo in medicine, all seem to have followed that route. 

This evidence can only lead us to look further into the works of these 

Renaissance men of science, not only to document those ideas, but in order 

to understand the nature of Renaissance science itself, and to understand 

the methods and techniques that were integral to the formation of that 

science. Most strikingly though, it looks like the Renaissance men of science 

were apparently looking to the world of Islam for the latest in scientific 

activities rather than looking to the Greek classical sources, especially for 

those sciences that were more of the empirical type like astronomy and med

icine which needed to be constantly updated. In fact, one can hardly see an 

astronomical value adopted by a Renaissance scientist that was derived 

directly from the ancient Greek sources. For example, one no longer found 

a precession value that was as badly off as that of Ptolemy, or the inclination 

of the ecliptic as reported by Ptolemy, or the fixed solar apogee that was 

already proved wrong in ninth-century Baghdad. Even the kind of reason

ing that was followed by Ptolemy, while constructing his mathematical pre

dictive models, also became obsolete. Rather one found the latest results 



232 Chapter 6 

that were developed in the Arabic sources that could answer much better the 

same problems the Greek classical tradition had to answer. 

In the final analysis, I do not think that we can understand the build

ing blocks of Copernican astronomy, without paying close attention to the 

results that were already achieved in the Islamic world. Not only because 

those results preceded the works of Copernicus and hence it is legitimate to 

ask if there has been any transmission of ideas from east to west, but because 

in the Arabic tradition we understand better the accumulative process of 

scientific production, and can witness the slow growth of those ideas over 

the centuries, a feat that we cannot follow in the works of Copernicus, 

with the same rigor, if we assume that all those similarities were just coinci

dences. And when people think of the spirit of the Renaissance as charac

terized by that change in the scientific thought that shunned the ancient 

authority, now one can find the roots of that thought already documented 

in the works of generations of astronomers and scientists working in the 

Islamic world and writing their objections to Greek thought. And they did 

not only object, we now know that they were developing real alternatives 

to that thought. One can even go as far as to say that by the time Renaissance 

Europe came to know of Islamic science, especially as documented in the 

astronomical discipline, that science was by then a mature science on its 

own, confident of its ability to invest in the creation of new mathematical 

theorems to solve new astronomical problems, or even to deploy mathe

matics in more abstract ways in order to divest it of the physical truth it once 

laid claim to and return it to the realm of the descriptive language that could 

be applied to the physical phenomena. 

By the time of the Renaissance, and if the words of Vesalius are any guide 

when he says "those Arabs who are now rightly as familiar to us as are the 

Greeks,"62 we can conclude that Arabic science was by then a competitive 

science that stood at least on equal footing as the science of the Greeks, as 

far as Vesalius could see. But in matters of observational science, it looks like 

Arabic science was by then thought of as being definitely far superior to 

Greek science once all the mistakes of the latter had been laid bare. 
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The previous chapter demonstrated very clearly the kind of results that 

were produced in the Islamic world and the impact those results had had 

on Renaissance Europe. In the chapters before that, where I talked about 

the encounter with the Greek scientific legacy and the innovations that 

encounter produced, I also noted that although the critiques of Greek 

thought began early on, the more mature criticism and the confidence with 

which the Greek scientific edifice began to be dismantled and replaced by 

more consistent alternatives, and far more sophisticated deployment of 

mathematics, did not really take place until the later centuries of the Islamic 

civilization, and mostly after the thirteenth century. Thus, based on what 

we have seen so far, one is justified in saying that those later centuries of 

Islamic civilization seem to have been centuries of great creativity, at least as 

far as the discipline of astronomy was concerned. In addition, one could also 

say that, that creativity was not apparently restricted to revamping all of the 

Greek astronomical theory but it seems to have had a seminal impact on 

Renaissance science as well. 

But these are precisely the centuries that the classical narrative had ear

marked as representing the total death of science, not to say the total death 

of rationality in Islam, which is more often used in connection with this 

period. Without paying any attention to the kind of evidence we have been 

reviewing, which was mainly produced during the latter centuries of Islamic 

civilization, or even indicating that such evidence existed, the classical nar

rative formulated its theory of decline by basing itself on two main assump

tions. Those assumptions were held by two different groups of people. And 

although each group had its own analysis of the intellectual history of 

Islam, they converged, almost independently, on considering the the age 

of decline to have begun in the thirteenth century. 
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For those who looked, from the very beginning, at Islamic civilization as 

a continuous unfolding of religious thought only, and at the same time held 

the European paradigm of the conflict between religion and science, they 

attributed this death of rationality in the Islamic civilization, and in this 

later period, to an upsurge in religious thought, which they claim came 

about at the expense of scientific and philosophical thought. For those 

people, "progress" was defined by the very victory of science over the 

church, just as European progress was defined. Thus every civilization had 

to demonstrate that it had participated in this struggle before it could par

ticipate in this "universal" linear and constant search for "progress." Those 

civilizations had to have their science overcome their church, even if one 

had to redefine "church" in the particular terms of the said civilization. In 

the case of Islamic civilization, the struggle of the Mu'tazilites against the 

people of tradition (l:zadzth) exemplified, to a great extent, the conflict para

digm between "science" and "religion, " without ever bothering to define 

the "science" of the Mu'tazilites, or the "church" of the people of �zadTth. 

In that regard Ghazalf's (d. 1 1 1 1) book The Incoherence of the Philosophers 

(talziifut al-faliisifah) constituted a real milestone. Not only because this 

group of people saw in it the direct connection between philosophy and sci

ence in that period, and hence an attack on one is an attack on the other, 

but because they also rightly considered Ghazall as the initiator of an 

Islamic Orthodoxy of sorts, and thus his book symbolized the triumph of 

religious thought. The conclusion that is usually drawn from the success of 

Ghazall's religious thought is that this triumph must have caused the death 

of its counterpart, the rational scientific thought. Thus in a simple fashion, 

Ghazall was single-handedly held responsible for the decline of rational, 

read scientific, thought in Islamic civilization in these later centuries. 1 

Thus, pinning the cause of the decline of Islamic science either on the 

conflict paradigm between religion and science, a paradigm that was first 

and foremost imported from the European example, or on the fatal blow 

that was single-handedly delivered by Ghazall against the philosophers, has 

become so widespread2 that those approaches continue to have their dele

terious effects on the very reading of the scientific texts that were written 

both before and after the Ghazall period. 

Focusing on the conflict between science and religion before the Ghazall 

period may have contributed to the lack of awareness that there were scien

tists working during that period and whose main concern was to combat the 

imported Greek scientific tradition, because of the errors and blemishes it 
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harbored, and not because of the religious thought of their time. Mul).am

mad b. Musa's critique of Ptolemy, or Razl's Shukuk against Galen, or even 

Ibn al-Haitham's Doubts against Ptolemy, among many others discussed 

above, have gained some importance only recently as texts rebelling against 

the Greek scientific tradition, rather than texts rebelling against the reli

gious authorities of their time. None of those texts made any significant 

impact on the group of people who saw Islamic history as an unfolding of 

religious thought, and in that sense those text were badly read if they were 

read at all. It is not accidental that both of Raz!'s book as well as that of Ibn 

al-Haitham's were edited in the latter part of the twentieth century, and not 

during the nineteenth century when most Islamic religious and juridical 

works were studied with great care by famous European orientalists. 

But those same nineteenth-century orientalists summarily dismissed the 

scientific texts that were written after the Ghazal1 period. And until very 

recently no one had ever bothered to investigate the kind of science they 

contained. In this sense those texts too were very poorly read if they were 

read at all. As an example of this misreading of texts, we have already seen 

the efforts of the two famous nineteenth-century orientalists who looked at 

two works from the post-Ghazall period, and who read them very carefully, 

and still could not see the originality that was embedded in them, simply 

because those orientalists were not looking for any originality during this 

period.:l And their self-fulfilling prophecies indeed materialized.4 

The second group which saw Islamic history more in political terms, and 

thus portrayed it as a succession of dynasties and battles, with little atten

tion paid to intellectual history, the bete noire that was made responsible for 

the decline of science in the Islamic civilization was after all Hulagu Khan.5 

Hulagu's devastating blow came at a time when he actually managed to 

destroy the city of Baghdad, in 1258, in his westward bid from Central Asia 

to conquer the rest of the world. Those who blamed Hulagu for the death of 

Islamic science took literally the anecdotes preserved in the historical 

sources, which were incidentally mainly written further west, in Mamluk 

areas that were not conquered by the invading Mongols. Those historical 

sources spoke of the water of the Tigris turning black from the dissolving ink 

of the manuscripts that were tossed into the river by that barbarian invader. 

They presented a scene of destruction that continues to stand in the collec

tive memory of most Arabs, and Muslims in general, as the ultimate of dis

aster and the epitome of barbarity.6 
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In a sense, the dates of the death of Ghazall ( 1 1 1 1 ) and the devastation of 

Baghdad ( 1258) seem to allow for the conversion of the two historiographic 

traditions just mentioned, one of which saw Islamic intellectual history 

as an unfolding of religious thought and one of which saw it simply as a 

sequence of political events. No wonder then that most people could easily 

conclude that those two fateful centuries, the eleventh and the thirteenth, 

indeed ushered in the decline of Islamic civilization and with it the decline 

of science in general. This conclusion was especially true for people who also 

remarked that they no longer saw during those later centuries the emer

gence of religious legal schools that were anywhere similar to the four 

schools that had already emerged during the eighth and the ninth centuries, 

and was also true for people who no longer saw a continuity of the Islamic 

caliphate after the fall of Baghdad. 

In that sense, the thirteenth century was in fact a fateful century, as it wit

nessed the final disappearance of a system of caliphate that had up till then 

functioned tolerably well. But as far as intellectual history is concerned, the 

extant scientific sources do suggest a different scenario. They suggest that 

the thirteenth century was an age where new creative scientific thought 

continued to prosper, and more importantly, they even support the claim 

that the disappearance of the caliphal system of government was almost a 

blessing in disguise. For the loss of that system did not seem to have brought 

the end of the scientific activity. On the contrary it seems to have opened up 

other centers of production in the lesser capitals, such as Diyar Bakr, Isfahan, 

Damascus, and Cairo, to name only a few, that continued to produce excel

lent scientific works. 

In summary, and as has already been stated, none of those narratives of 

the age of decline can really explain the greater number of sources that seem 

to signal a real upsurge of scientific production both well after the death of 

Ghazall and well after the Mongol devastation of Baghdad. And if one 

focuses on the discipline of astronomy in particular, as we have been doing 

up till now, the problem of pinning down the cause of the decline accord

ing to one of those two narratives becomes even much harder to solve. 

In a separate book devoted to the study of one aspect of Arabic astronomy: 

the aspect of planetary theories, I went so far as to call that same age of 

decline the golden age of Islamic astronomy. In that book I traced the devel

opments in Arabic planetary theories between the eleventh and the fif

teenth centuries and demonstrated the fecundity of that discipline. That 

book, and the various articles that have appeared since then, dealing mainly 
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with the work of the sixteenth-century astronomer Shams al-D!n al-Khafr1, 

described an unparalleled originality during that period that would be diffi

cult if not impossible to dismiss. 

Critique of the Classical Narrative 

If one takes either explanation of the age of decline, as offered by either 

group of the proponents of the classical narrative, one is then faced with 

problems that will not easily disappear. In the first case, and for those who 

hold Ghazall responsible for the age of decline, they will have to explain the 

production of tens of scientists, almost in every discipline, who continued 

to produce scientific texts that were in many ways superior to the texts that 

were produced before the time of Ghazall. In the case of astronomy, one 

cannot even compare the sophistication of the post- Ghazall texts with the 

pre- Ghazall ones, for the former were in fact far superior both in theoreti

cal mathematical sophistication, as was demonstrated by Khafr!, as well as 

in blending observational astronomy with theoretical astronomy, as was 

exhibited by Ibn al-Shatir. Similar original production can be easily docu

mented as well in mechanical engineering, in medicine, and in optics, to say 

nothing of the whole class of astronomers who were all working after the 

thirteenth century, and whose purpose was to push the frontiers of plane

tary theories into the realm of alternative astronomy or "New Astronomy" 

as was proposed by Ibn al-Shatir. 

To take only few examples, compare the works of 'Izz al-D!n al-Jazar! 

(c. 1 206)/ who worked nearly 100 years after the death of Ghazall, with 

those of Bam} Musa in the ninth century.8 Earlier in the ninth century 

period, Banu Musa focused on developing new devices and new tech

niques that were not known from the Greek tradition. For instance, we note 

the development of the conic valve in the works of Banu Musa, which is 

nowhere documented in the earlier Greek sources. We also note a shift from 

the Greek tradition that relied mainly on nature's abhorrence of void to ani

mate the machines that they designed, to a more instrumental approach by 

Banu Musa where they used concepts of sources of power as running water, 

or flowing sand, to achieve similar animations. For Philo of Byzantium9 or 

Hero of Alxandria, 10 for example, the siphon worked by water replacing the 

void, while for Banu Musa water flew and was interrupted by turning a conic 

valve on and off, by means of floats and other mechanisms that did not 

depend on the concept of void. It was in these later developments that they 
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had to invent such tools as the conic valve and the like. This does not mean 

that Banii Miisa did not understand the way void worked in nature and in 

the design of machines, but that they used it together with other techniques 

that they themselves developed. 

Looking at the works of Banii Miisa in comparison with the Greek tradi

tion one cannot only detect a forward leap in the variation of techniques in 

their engineering designs, but can also detect their participation in the gen

eral cultural mood of early Islamic times that was critical of the Greek sci

entific tradition. However, when their works are compared to the work of 

]azarl we note a remarkable maturity in the latter's work that is nowhere to 

be found in the works of Banii Miisa. With ]azarl we begin to notice discus

sions regarding the real function of mechanical devices, and real apprecia

tion of their significance as tools that did not only fulfill daily functions for 

the society, but that they were also tools that could demonstrate the way in 

which the natural physical principles worked. 1 1 His devices were examples 

of natural physical principles in action. And in the introduction to his book, 

he explicitly states that his devices were intended to actualize (ikhriij min 

al-quwwa ilii al-f 'l) 12-the physical principles that were potentially there, 

waiting to be actualized. His full grasp of the Aristotelian approach to 

mechanical devices and their intrusion into the world of nature is far supe

rior to Banii Miisa's understanding of such principles as far as one can tell 

from their surviving writings. 

Even the historical sources preserve for us anecdotes about the patrons of 

Banii Miisa, especially al-Mutawakkil (ruled 847-861), and tell us that Banii 

Miisa's devices had indeed enchanted him, 13 and that those skillful engi

neers produced for him such entertaining objects exactly to serve that very 

purpose. Contrast that with the patron of Jazarl who demanded of him, 

according to ]azari's own introduction to his work, that Jazarl should com

pose the work in order to keep a record of the peerless "models" (ashkiil), 

things that he invented (istanbata), and "illustrations" (mithiiliit) that he 

brought forth. For anyone reading that introduction, the language reveals 

very clearly a fuller understanding of how mechanical devices operated and 

why they did. At times]azar1 would even explicitly state that he intended to 

illustrate the same principle with many devices, all in order to show the uni

versal applications of those principles. 

But as these texts have not been fully studied from those perspectives yet, 

one has to wait before passing any more detailed judgments about them 
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regarding their relative merits. The impressions given here resulted from a 

first quick reading of the sources, and will, I am sure, finally withstand the 

test of analysis. 

Or take the works of Ibn al-Nafis in medicine. It was in his commentary 

on Avicenna's Canon that we find his remarkable remark that did not only 

depart from the teachings of Avicenna, whom he admired greatly, but went 

further to criticize Avicenna's original source, Galen himself. With his criti

cism, he ended up refuting the doctrines of Galen on the basis of his own 

observations, and thus laid the foundation for the eventual discovery of the 

pulmonary circulation of the blood. 14  It was in the post-Ghazall period that 

such scientists seem to have gained a well-earned confidence in order to 

challenge their predecessors and through them attack the main Greek 

legacy that continued to be the site of contention, with such statements as 

"this is the common opinion, but according to us, it is false" (hadha huwa al

ra'y al-mashhiir. wa-huwa 'indana biitil) . These are echoes of Ibn al-Haitham, 

'Urc;lf, Tusf, and others who said, at one point or another, "This is the 

accepted opinion, but according to us it is false. "  In that regard, Ibn al-Nafis 

reflects the same trend that was developing in astronomy, and had already 

had its roots in the works of al-Razf some four centuries before him. He also 

seemed to have been complementing the works of other scientists from 

other disciplines who were all engaged in a cultural revival rather than an 

age of decline. 

Consider also the work of Kamal al-Dfn al-Farisf (d. 1 320) 1 5  from the fol

lowing century, which illustrates the same trend again, but from the field of 

optics. It was al-Farisl's teacher, the great astronomer Qutb al-Dfn al-Sh1raz1 

(d. 1 3 1 1), who suggested to al-Farisf that he study the work of the great sci

entist Ibn al-Haitham (d.c. l038) from the pre-Ghazall period. Note that he 

was not advised to go as far back as the obsolete Greek optics for his study. 

Instead he was put to challenge the best and most recent production on the 

subject. 

Neither the Greek tradition, nor Ibn al-Haitham had managed to explain 

the phenomenon of the rainbow properly, and thus up till al-Farisi:'s time 

this problem had remained the site of competition and speculation. And it 

was al-Farisf who finally put his mind to it, and developed the instrumenta

tion in order to explain how the colors of the rainbow were in fact produced. 

And exactly like his predecessor, Ibn al-Nafis, he too followed the same style, 

that is, he produced an elaborate commentary on the most advanced work 
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of a pre-Ghazall scientist. And in the context of that commentary he refuted 

the ideas of his predecessor and the ideas of the more ancient Greeks who 

had nevertheless been his models to some extent. In this regard, it should be 

remembered that although Ibn al-Haitham could be counted as a great sci

entist in his own right, he too did not hesitate to reject Greek ideas when 

they did not meet his exacting scientific standards. And yet it was al-Farisl 

who had the final say in the matter of the rainbow. 

In a sense, this phenomenon is very similar to what took place in astron

omy. Here too we find the formidable critique of Ptolemaic astronomy, 

which was leveled by Ibn al-Haitham in the middle of the eleventh cen

tury. We also find the same critique left as such, without anything more pos

itive being done about it till the thirteenth century, when the astronomer 

Mu'ayyad al-Dln al-'Un;ll (d. 1266), who lived more than a century after 

Ghazall, complained against Ibn al-Haitham for not bringing anything new 

besides criticism. It was 'Urql who undertook the development of a whole 

alternative astronomy that was destined to replace the Greek astronomy, 

and thereby produced his famous mathematical theorem that made its 

impact on almost all astronomers that followed him. Here again there is no 

comparison between the brilliance of 'Urql and that of Ibn al-Haitham, star

tling and brilliant as Ibn al-Haitham was. 

Still, in the discipline of astronomy this trend continued after 'Ur<,li, 

through Tlisl, Qutb al-Dln al-Shirazl (d. 1 3 1 1), Ni{:am al-Dln al-Nisaburi 

(d. 1328), Ibn al-Shatir (1375) and his contemporary Sadr al-Shar!'a al-Bukharl 

(c. 1 350), 'Ala' al-Dln al-Qushjf (d. 1 4 74), Mulla Fatf,lallah al-Shirwanl (c. 

1450), and finally to Shams al-Dln al-Khafrl (d. 1550) to name only a few. 

Each and every one of those astronomers would take the works that were 

produced in the pre-Ghazall period, and refer to them as the commonly 

known astronomy (al-mashhur) only to attack them severely, and attack 

Ptolemy behind them as well. After having done that, they would then go 

on to build their own alternatives to that astronomy on grounds that were 

completely new, and on levels that were much more sophisticated than the 

levels found in the earlier period or the Greek sources themselves. 

Like work in optics and medicine, the work of the astronomers was cast in 

the form of commentaries on each other's works, or at times on the Greek 

works themselves. They only used those commentaries as vehicles to pro

duce their own alternative theories and to record their own scientific 

insight, much as was done by Jazarl, Ibn al-Nafls, and al-Farisi. 
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For people who had pre-judged this period as a period of decline in Islamic 

science, they saw in these commentaries a sign of decadence, without ever 

bothering to read them or appreciate the novel ideas that were contained 

therein. Even the most learned of the modern Arab intellectuals, once pres

ident of the Academy of the Arabic Language of Cairo, Professor Ibrahim 

Madkour, had this to say about this period, and the commentaries it pro

duced: "Speculative thought was confined to increasingly narrow areas, sci

entific inquiry stagnated, and matters that had previously been studied and 

understood became obscure. Creative thinking and the spirit of discovery 

were replaced by sterile repetition and imitation, expressed in commen

taries and studies of texts and stressing words rather than meaning. " 1 6  How 

much more wrong could one be? 

Professor Madkour, however, was not alone in that assessment. In fact, 

in the vast modern literature, one reads one such author after another all 

bemoaning the low state of Islamic science just because this period wit

nessed the production of commentaries instead of original works. Had these 

authors only read those commentaries, they would have realized that they 

could not have been much farther from the truth, for they would have also 

found one commentator after another saying: Ptolemy, or some other 

astronomer or Greek scientist, said this or that, but I say, and then insert 

their own novel ideas at the right context. 

The problem with these kinds of judgments is that they clearly indicate 

that a true appreciation of the role of those commentaries has not been fully 

developed yet. In an earlier publication I had hinted to the fact that there is 

much to be found in those commentaries, and in that context gave only the 

example of the Tiis1 Couple itself which I have demonstrated was first con

ceived in 1247, but in the context of a commentary on Ptolemy's A/magest. 1 7  

Since then, and after reading many of the astronomical commentaries that 

followed Tiisi's, I have come to realize that those commentaries acted in a 

manner quite similar to our modern periodical literature. For when a mod

ern author conceives of a bright novel idea, which was not conceived before, 

s/he would go ahead and compose an article that s/he would send to a spe

cialized periodical announcing his/her own new idea. From then on, the 

new idea would enter the literature. And when enough of those ideas that 

deal with kindred subjects accumulate, they are then digested into a sec

ondary book that popularizes them and finally allows them to enter the 

domain of public knowledge. 
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In regard to the popularization of new ideas, the medieval author has a 

greater advantage over the modern author, although his advantage has yet 

to be appreciated. For the medieval author, who had no access to specialized 

periodicals, as they did not exist at his/her time, the most efficient way of 

propagating his/her ideas would be to introduce them in the context of a 

commentary. For in such commentaries the new idea would in fact be prop

erly contextualized and thus would gain a much greater significance than a 

lonely article in a journal that would need a lot of supplementary contextu

alizing information, not to say long years of waiting, before it could be fully 

appreciated, if at all. Needless to say, that on that ground alone, I now take 

the medium of commentaries to be a much healthier sign than even our 

own modern periodical scholarship. 

Commentaries continued to be written throughout the post-Ghazall 

period, and of course they continued to produce new ideas all the way till 

the sixteenth century, the last century, which has received a cursory study 

so far. This does not mean that they stopped then, for the later centuries 

have not even been investigated. Nor does it mean that there were no banal 

commentaries that were written during this period, for there were a lot, and 

many were indeed composed by mediocre minds that one finds in every age 

and place. But one can still document a series of commentaries, written by 

each and every one of the astronomers just mentioned, all building on each 

other's works, and all continuously taking up the challenge of perfecting the 

discipline of astronomy. By the sixteenth century, and with Shams ai-Dln 

al-Khafr1 the commentaries reached such a sophistication that Khafr1 could 

finally write two huge ones before he would eventually write an indepen

dent book, which he titled !fall mii Iii yanl]all (Resolving that which could 

not be resolved). In the last, rather short text, he managed to produce a 

series of the most sophisticated solutions for all the problems that had 

plagued Greek astronomy and had become notoriously difficult to solve 

before his time. 18  In that instance, where most of the novel ideas were orig

inally expressed in his commentaries before they were finally grouped 

together in his last independent original work, one can say that it was the 

commentaries that gave rise to originality rather than the other way around. 

All this evidence points to one inescapable conclusion. Any one who takes 

the time to read the scientific production in the post-Ghazall period would 

have to characterize this period as the most fecund, and in the field of 

astronomy in particular completely unparalleled. The disciplines that I have 
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cited here, and the astronomers I have mentioned by name, all speak to a 

continuously ascending tradition all the way till the sixteenth century, 

being the last century that has been investigated although to a very modest 

degree. 

As for those who still harbor the notion of the deadly struggle between 

science and religion, I only need to mention that with the exception of 

'UrcJI, whose religious credentials are yet to be determined, every one of the 

other astronomers mentioned, as well as Ibn al-Nafis himself, were all reli

gious men in the first place. Not in the sense that they were religiously prac

ticing men only, but that they also held official religious positions such as 

judges, time keepers, and free jurists who delivered their own j uridical opin

ions. Some of them wrote extensively on religious subjects as well, and were 

more famous for their religious writings than their scientific ones. This evi

dence leads me to conclude that the model of conflict between science and 

religion, which may have worked in Europe somehow, and I am not sure it 

did for it sounds too simplistic to contain the truth, this model does not 

seem to apply at least as far as the Islamic civilization is concerned. Nor does 

it particularly seem to apply in the post-Ghazali period, when we witness 

more of the men of science being men of religion. Nor did it ever seem to be 

analytically useful as far as the discipline of astronomy is concerned for most 

astronomical works seem to have been produced by men of religion, and 

most of them were in fact employed in religious institutions. 

As for those who think of history as a series of political events only, and 

a sequence of dynasties and wars, without paying much attention to intel

lectual history, they too can take little solace by relying so heavily on the 

Mongol invasion in order to justify their theory of decline. For although it 

was true that Baghdad was indeed destroyed at the hands of Hulegu Khan, 

it so happened that his vizier at the time was Na�Ir al-Din al-Tiisi, the astron

omer he had captured in the conquest of the Islma'Ili fortress of Alamiit. It 

was this same Tiisi who had enough wisdom to save about 400,000 manu

scripts before the sack of Baghdad. In addition, he even saved a young man 

by the name of Ibn al-FuwatJ, and took him along to what later became the 

Ilkhanid stronghold near Tabriz. There, on a hill at the edge of the nearby 

city of Maragha, Tiisi convinced the son of the same destroyer of Baghdad 

to grant him enough support in order to establish one of the most elaborate 

observatories the Islamic world had ever known. 19  



244 Chapter 7 

Of course, it helped that the same Ilkhanids soon converted to Islam, 

and granted Tiisi what he asked for. And there, in the city of Maragha Tiisi 

managed to assemble the most distinguished company of astronomers ever 

assembled in one place. The mere gathering together of such astronomers, 

at such an active center, equipped with a new library of manuscripts that 

were rescued from Baghdad and other Iraqi and Syrian towns, together with 

Ibn al-Fuwati as a librarian, they collectively and individually managed to 

produce the most sophisticated astronomical theories of Islamic times. 

Some of them had already made their contribution before they came to 

Maragha. Just as Tiisi himself had done when he proposed his new mathe

matical theorem, the Tiisi Couple, while he was still at Alamiit, as we have 

already seen. And as 'Urqi too did when he had completed his most cele

brated astronomical work, and his lemma, when he was still in Damascus. 

But their getting together at Maragha produced the kind of astronomy that 

Shirazi was able to popularize by starting a tradition of dialogue with earlier 

astronomers, via the cumulative work of commentaries, and when he wrote 

two very long ones of his own within twenty years from the building of the 

Maragha observatory. 

More importantly, one should also remember that the foundation of the 

Maragha observatory was commenced in the year 1 259, that is, exactly one 

year after the destruction of Baghdad. The engineer who constructed the 

instruments, and in all likelihood who also built the structures himself, as 

most of them were masonry structures that doubled as astronomical obser

vational instruments, was none other the famous astronomer/engineer 

'Urqi himself. We are particularly fortunate to have a treatise written by this 

distinguished engineer, in which he detailed all the constructions that he 

accomplished at Maragha, a treatise unequaled in its sophistication and util

ity, and the likes of which was unknown from the pre-Ghazali period. Its 

importance can only be fully appreciated when we learn that it was also 

used as a guide for the construction of later observatories that were built in 

Samarqand during the time of Ulugh Beg (c. 1 420) and in ]aypur, India, 

toward the end of the eighteenth century. The text of this treatise remains 

unfortunately un-edited in a modern scientific edition, and is only partially 

translated. 20 

Both of the decline narratives, therefore, that attribute the death of 

science either to the success of Ghazali's religious thought, or to the destruc

tion of Baghdad by the Mongols, do not seem to explain the brilliant scien-



Age of Decline 245 

tific production we just mentioned. Furthermore, and in light of what we 

already know, these two causes do not seem to have even slowed down the 

production of science and did not seem to have set an age of decline. On 

the contrary, one may argue that the period that followed was marked by an 

increase in scientific production, and a remarkable upgrading of its quality, 

so much so, to make the production in the pre-Ghaza!I period look much 

more modest in comparison. And as I have already said, in the field of 

astronomy alone, I have already argued that the golden age of that disci

pline, in terms of the production of planetary theories at least, should in fact 

be located in the post-Ghaza!I period. 

But if that were the case, and if the age of decline could be so easily re

constructed as an age of fecundity, at least as far as astronomical production 

was concerned, then when was this age of decline, and what is one to under

stand by the term decline in the first place? 'Decline' is a relative term imply

ing a comparison between two levels, one perceived to be lower than the 

other. And as we have just seen, when we compared the scientific writings 

produced in the post-Ghaza!I period, in several scientific disciplines, and 

found them to be more sophisticated than the ones that were written before, 

and at times even written in direct opposition to those earlier writings, we 

were at all times comparing one scientific production against another, and 

many factors were taken into consideration in this process. On the basis of 

those comparisons one would have dared to say that the post Ghaza!I period 

witnessed a renaissance in comparison to the pre-Ghaza!I period, and thus 

the latter could in turn be described as an age of decline. 

Some of those factors that went into the comparison had to do with the 

quantity of production, for it is quite natural to expect that a few texts here 

and there would not make a trend, and thus would not constitute a shift in 

the type and quality of scientific production. It is for that reason that special 

attention was paid to the number of scientists in the post-Ghaza!I period 

whose works were considered in the comparison process. And here again, 

the case of astronomy did not only prove that there were far more scien

tists from the later period who produced more creative material, but that 

there were more of them producing material in opposition to the earlier 

astronomers. One can detect a clear trend of new ways of doing astronomy, 

and thus one will have to admit that the post-Ghazali period deserves a 

special consideration. 

Then the number of fields in which this production was compared had to 

be considered, for it would also be natural not to think of excellence in one 
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field as a sign of a trend that should characterize a historical period as more 

or less advanced. And there again, the circle was widened to include such 

disciplines as medicine, optics, and mechanical engineering. In all instances 

one could find results that were more or less in agreement with what seemed 

to be happening in astronomy. 

And if one were to take a look at the field of scientific instruments, one 

could also document a similar flourishing activity in this later period, not 

only in the remains of large scale observatories such as the ones that were 

built in Maragha and Samarqand, but also include those that were built 

by Jai Singh II ( 1686-1 734) in India in imitation of those earlier ones.21 One 

can also notice, from the sheer number of scientific instruments, still kept 

at Museums all over the world, whether astrolabes, quadrants, sextants, or 

what have you, that the number of more and more refined instruments kept 

increasing in the later period. To take only one example, the development 

of the universal astrolabe, of which we still have several samples, is not only 

a masterpiece of workmanship, but is also theoretically superior to the astro

labes that were constructed in the earlier period. And so was the case with 

many other instruments.22 Thanks to the abundant results that are now 

in print, one can simply assert that the field of astronomical instruments 

also witnessed a "golden age" in the post-Ghaza!I period, in complete syn

chrony with the field of planetary theories, although the two fields are only 

poor cousins. 

I know the number of disciplines that I have attempted to list here is by 

no means exhaustive, and here I must admit that lack of competence in the 

history of other disciplines restrains me from passing judgments about them 

in the same fashion. But I certainly welcome colleagues who work in those 

disciplines to double check the results that have been so obviously achieved 

so far and decide for themselves whether this period can still be called a 

period of decline. My suspicion is that we have surveyed a good representa

tive cross section of disciplines. And most probably the results we have 

already achieved, and the assessments we are now making, will withstand 

such additional tests from other disciplines. 

While it is true that most of those results point to an increased volume 

of brilliant astronomical production, all coming from the post-Ghaza!I 

period, nevertheless none of those results seem to come from the relatively 

later period, namely, the period beyond the sixteenth century, as far as I 



Age of Decline 247 

know. Again for the field of astronomy, I dare say that this may be due to 

lack of expertise on my part, since I have not thoroughly investigated the 

later works. I have focused over the last two decades or so on the works that 

were produced between the thirteenth and sixteenth centuries, and have 

not paid enough attention to the mostly inaccessible works of the later 

centuries. Disciplines other than astronomy may have suffered from simi

lar handicaps, and thus may one day turn out new material that is still 

undiscovered. 

But a quick survey of the readily accessible astronomical texts produced 

after the sixteenth century revealed an interesting phenomenon. Not only 

do we begin to see a slightly different astronomical production, one more 

concerned with purely religious astronomy such as mlqat, or simplified 

astronomical texts, but also as early as the seventeenth century we begin 

to notice an incursion of European scientific ideas coming back into the 

world of Islam. We can even find echoes of things happening in Europe 

during the sixteenth century beginning to be acknowledged in the Islamic 

world, and sometimes incorporated. Here I am thinking of one of the later 

Syro-Egyptian astronomers: Taqi al-Dln ibn Ma'ruf (d. ca. 1 586), whose work 

included, in his own hand, an acknowledgment of his direct acquaintance 

with the multi-lingual dictionary of Ambrosio Calepino (1435-15 10) .23 

Later works in geography from the seventeenth century reflect knowledge 

of the various astronomical systems of Copernicus and Tycho Brahe, and 

also demonstrate how such works began to mention the discovery of the 

new world. All these echoes come in the context of the translations of such 

works as the Atlas Maior and Minor, into Turkish.24 

In sum, I am willing to accept the fact that a thorough investigation of this 

later period, say from the sixteenth to the twentieth century, will definitely 

demonstrate an increasing dependence on the scientific results that were 

produced in European centers of learning. Production that was by then 

making its way back into the Islamic world. This process apparently contin

ued unchecked during these later centuries until the Islamic world was 

finally brought to rely completely on European science during the colonial 

era of the nineteenth and the twentieth centuries. That dependence has 

even intensified further in the present time. 

The latter part of the twentieth century demonstrates this complete 

dependence extremely well. For after all, this particular century witnessed 
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the " independence" of most Islamic countries after having already under

gone a long period of colonization that was brought to an "end" during that 

part of the century. And now, most, if not all Muslim countries, depend for 

all their scientific education on the scientific output of European countries, 

their colonial centers of yesterday, or say western in order to include the 

United States of America. This is also the case at almost all universities in 

the developing world, with the Islamic world planted in its midst. They all 

depend, in their scientific curricula, on what is produced in the west. 

With the end of the twentieth century we can see the pendulum moving 

all the way to the west. And if we look at the source of science, we would 

then be in a position to witness the extreme end of the spectrum. But we 

should also ask: When did this shift take place? That is, when did Europe 

stop being interested in the scientific production of the Islamic world, and 

when did it begin to export scientific production to it? 

Determining the time of that shift itself may help us determine the onset 

of the age of decline. But let me be clear on the concept of decline itself. In 

this context, I wish to define such an age as an age in which a civilization 

begins to be a consumer of scientific ideas rather than a producer of them. 

Going back to the sources, as we have been doing all along, those sources 

seem to indicate a break that took place sometime around the sixteenth cen

tury, and that century seems to contain the seeds of that age of decline, or 

at least seems to have been the time when such decline may have com

menced. And if my reading of those sources is valid, then we must look for 

the events that surrounded this particular century, i .e. the sixteenth cen

tury, in order to determine, if we can ever determine at all, the causes of that 

decline. 

For a better diagnostic look at the age of decline, one must constantly bear 

in mind the relative nature of that concept, and must appreciate the fact 

that social processes such as cultural decline or Renaissance and the like are 

rarely datable to a specific decade or even a century. They usually are indis

tinguishable at first, but with the passage of time trends begin to consolidate 

and remarkable differences begin to be noticed. As was already noted by oth

ers like Needham, who will be referred to again below, if one were to com

pare the scientific production in the world of Islam, China and what is now 

Europe, just about the beginning of the sixteenth century, one would have 

noticed that all three were almost on equal levels. Two centuries later, say by 
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the beginning of the eighteenth, that comparison begins to weigh more 

heavily in the direction of Europe. 

Those 200 years, say roughly between 1 500 and 1 700, witnessed the cre

ation of one scientific revolution after another in Europe and marked the 

definite birth of modern science. And for that same reason, they gave rise 

to the multiplicity of questions that have been asked ever since, all attempt

ing to explain why did modern science rise in Europe and not in the other 

two competitive cultures of the time. Many have sought answers in the 

social make up of the cultures concerned, others looked at the legal, reli

gious, and political conditions. Some have even taken the conditions of 

modern Muslim societies and projected them, in very essentialist and non

historical terms, back onto the histories of those societies.25 

And yet the question has persisted for a long time now. And because of its 

sheer emotional and ideological underpinnings, in a world constantly 

polarized, it has not become any easier to answer. But if we focus on the big 

picture, that is a picture drawn over a period of a few centuries where the 

trends become clearer to observe, and if we widen the scope to the multi

plicity of factors that may have caused the lopsidedness of the scientific 

production that becomes clearer to observe as well, then we stand a better 

chance at understanding not only the nature of the decline of scientific pro

duction in the world of Islam, but may also gain some insight into the social 

economic context of science itself. By applying the same methodology, 

which attempted to explain the rise of science in early Islamic times in terms 

of socio economic conditions, this time the same methodology may yet 

help us understand why within a period of two centuries or so there arose a 

remarkable difference between the sciences that were produced in Europe 

and those that were produced in the rest of the world, and most notably 

the Islamic world. From that perspective, it would no longer be interesting 

whether Copernicus knew of the works of his predecessors from the Islamic 

world or not. Instead the focus would shift to the conditions that led to the 

works of Copernicus to be incorporated into later, more advanced works, 

and systems of thought that led to the demise of the old Aristotelian world 

order. Most importantly, those developments indeed changed the very 

nature of scientific production itself. Therefore, those two crucial centuries 

have a lot to teach us about the nature of modern science, its relationship to 

the cycle of capital investment, and its relationship to the fluctuating polit-
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ical and economic conditions. It is under those conditions that one has to 

seek the meaning of the age of decline in the Islamic world that has notice

ably set in from the sixteenth century on, without necessarily pinning that 

decline, if one can help it, to a particular cause, a particular event, or a par

ticular train of thought, be it religious or otherwise. So what happened dur

ing those two centuries? 

Political history of that period may after all be useful in this regard, and it 

does reveal some very interesting features. By the middle of the sixteenth 

century we witness, for the first time, a large-scale split of political power 

within the Islamic world. That split produced three great Muslim empires. 

They all came into existence around the same time, and with the exception 

of the Ottoman they all passed away around the middle of the eighteenth 

century. 

With the Ottomans (c. 1453-1920), finally conquering Constantinople in 

1453, they swept through the eastern Mediterranean in 1 5 1 6, as far down as 

Egypt and large parts of North Africa, in order to consolidate their strong

hold over that part of the Muslim world. The Safavids (1 502-1 736), farther 

east in what is modern-day Iran, came into power by the beginning of the 

sixteenth century, and with time established a new empire with Shl'ism 

as its official religion, thus perpetuating a rivalry with the Sunni Ottoman 

empire to the west and a friendlier but yet competitive relation with the 

Mughal empire to the south-east that lasted for centuries. The Mughals 

(c. 1 520-mid eighteenth century) themselves, originally a Central Asian 

dynasty, spread southward to establish one of the long lasting empires in the 

Indian subcontinent. 

Besides the disrupting effect of this internecine competition and war

fare, other factors came into play, but all leading to a weakening of the cul

tural cohesion of the Islamic world. The religious sectarian competitiveness 

played an important role on its own, as it still does today. But then there was 

also the very important event that took place toward the end of the fifteenth 

century, and which shook the whole world order to its very foundations. 

The event in question was the discovery of the New World, which not only 

disrupted almost all of the well-established Euro-Asian trade routes that 

used to siphon commercial wealth into the Islamic lands for centuries, but 

it also brought new raw material into European countries just as those same 

materials were almost completely depleted in the Islamic lands. It is not 

accidental that all three Islamic empires came into being around the same 
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time, during the early part of the sixteenth century, and disappeared around 

the same time, end of the nineteenth beginning of the twentieth centuries, 

as we just said. In order to understand this phenomenon better, we must 

examine it in terms of the socio-economical and political global shifts that 

were taking place around that time. 

By the beginning of the sixteenth century, the so-called "discovery" of 

the New World had just begun, and the westward orientation of European 

exploration, trade, and access to untapped natural resources as well as to 

human slave labor, both in the New World and (later) in Africa, created a 

major conflagration all around the world. Only to be followed by the "Age 

of Discovery" in the next century, which witnessed a dogged search for more 

lands to "discover," more resources to acquire, and more colonies and slave 

labor to entrap. All of these events of the sixteenth and early seventeenth 

centuries re-oriented wealth and trade around the Islamic world, or say cir

cumvented the Islamic world, and mostly to its disadvantage. And while 

almost every European royal house and its dependencies, in one way or 

another, began to receive tons of gold and silver, as well as free slave labor 

and other natural resources from the colonies, the Islamic world found itself 

then blocked to the west by the rising powers of the European royal houses. 

Those royal and princely houses were now wealthy and well equipped with 

commercial and maritime navies. 

Circumnavigating around Africa by the Portuguese helped them spread 

their trade in the south-eastern direction at first, and eventually to the east 

where Portuguese and later Dutch colonies began to sprout as far down as 

southern India, up north the Indian Ocean till the southern edges of the 

Arabian peninsula itself, and farther east by the Dutch till the eastern edge 

of the known world. Eventually, that colonial exploration that reached 

the South Asian and the Chinese theater in the Far East began to re-route 

even the trade of that eastern region around the Muslim world rather than 

through it. 

Yes, there were some windfall profits that came to the Islamic world as 

a result of trade with the newly discovered wealth of Europe. But on the 

whole, Islamic lands lost the commercial initiative they once had, and 

became more and more dependent on whatever wealth the European mer

chants were willing to part with while trading with ports in the Islamic 

world. In essence the relationship began to shift from producing wealth to 

consuming wealth in return for whatever natural resources were still avail-
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able. And these are the whole marks of an age of decline. Yes, there were 

Venetian merchants who brought some wealth to Damascus, for example, 

by commissioning household products and items of high culture to be pro

duced there, but that meant that the Damascene worker began, even then, 

to enter into a relationship of dependency where he was working for a for

eign master. The dependence and consumerism that was set then and later 

began to characterize the relationship between the Islamic world and 

Europe continues till this day. 

I do not know of a good study that elaborates on the effects of the "dis

covery" of the New World on the intellectual life of European royal and 

princely houses. But it is not difficult to detect, in several European areas, 

and toward the beginning of the seventeenth century, the appearance of 

new institutions that had no medieval parallels per se, and their very cre

ation may have had something to do with this new acquired wealth. During 

the first half of the seventeenth century, Europe witnessed the rise of scien

tific and royal academies, a phenomenon that was not known before as 

such, at least not to that extent where almost every royal or princely house 

had an academy of its own. The purpose of those academies seems to have 

been directed at assembling the most educated men of the time and to lib

erate those men from the financial worries and the like. In their very struc

ture, the academies offered those intellectual elites an environment of 

scientific and intellectual competition. And as we have seen before, it is the 

healthy competition that is usually conducive to the production of science. 

But most importantly, this whole movement came about at almost no cost 

to the patronizing royal houses, for the capital and the slave labor associated 

with the investment usually came through many circuitous routes from the 

"discovered" colonies. In regard to those scientific institutions, we only note 

that the first of them was the Academia de Lincei, which was founded in 

Rome in 1603, only to be followed by the Royal Society of England in 1662, 

and the Academie des sciences of France in 1666. 

The connection between those academies and the "discoveries" in the 

New World is not always readily apparent. But one should note that the old

est of them, the Academia de Lincei, soon enjoyed the membership of none 

other than Galileo ca. 1609, whose work for the Venetian commercial navy 

is well known.26 And one of the earliest projects of the Academia de Lincei 

was the re-publication of the survey of the medical plants of the new 

colonies in Mexico, which was then called New Spain.27 That survey was 
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completed few years earlier by Dr. Francisco Hernandez ( 1 5 1 5-1587), at the 

request of King Philip II of Spain (1 527-1598). Instead of verifying the older 

herbs of Dioscorides that were well known in the "old world" and were obvi

ously commercially fully exploited by then, the academy, and of course the 

earlier royal patrons before it, began to look to the New World for new 

sources of wealth, and the medical plants were apparently such well suited 

targets. 

It is only natural that in such institutions as the academies, where men of 

science were financed to further their research, and to think out new ideas, 

in an environment of competition with other academies and royal houses, 

as well as competition among the scientists themselves, new scientific dis

coveries would eventually be produced. The situation was not too different 

from the conditions we described in early ninth-century Baghdad, minus 

the institution of the academies that quickly became the norm in Europe. If 

one scientist in a hundred produced something in those academies that had 

a commercial windfall, then the wealth accumulated from the new idea 

would be returned to fund other ideas, and, of course, allowing the patron 

to keep some of the profits aside. 

In this manner, I believe that the major scientific developments in 

Europe during the sixteenth and seventeenth centuries were the product 

of this dynamic cycle of wealth, mostly initiated by the "discovery" of 

the New World. Wealth drove further production of science, and in turn 

science allowed the acquisition of more wealth, and so on. This pattern 

seems to have been set then. And for those who look at the close relation

ship between modern corporations and the production of modern science, 

can easily discern the main features of this same dynamic cycle that is still 

going on. 

At this sped-up rate, the production of science in what is now Europe 

began to grow almost at a logarithmic rate, leaving the rest of the world to 

struggle with its own depleted resources and its old ways of doing science. 

The Islamic, as well as the Chinese worlds, had up till that time a similar sci

entific status as that of Europe, as was so aptly noted by Needham more than 

50 years ago.28 But with the onset of the new dynamic cycle we just men

tioned, that was set in motion by the end of the sixteenth and beginning of 

the seventeenth centuries, European science began to surge on, and both of 

the Chinese and Islamic worlds were left behind. 
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Returning to the age of decline in the Islamic civilization, in my opinion, 

this age of decline was less caused by such factors as a book of Ghazall or 

the invasion of the Mongols, than by the external world circumstances 

of the sixteenth century and thereafter. And since the term decline implied 

a comparative context, as was stated above, in my opinion too, what seems 

to have happened was the onset of a race between the European royal 

houses and the rest of the world, including the Islamic world. And in that 

race, the Islamic world lost. But no one should forget that the real race 

started in the sixteenth century as a result of the discovery of the New 

World, and that it was a race between Europe, on the one hand, and the 

rest of the world, on the other. This race continues to intensify till this very 

day. In relative terms then, when one culture begins to produce more and 

better science, for now it can afford to, the other culture will look like it 

declined, no matter what. 

Of course, the translation of the European superiority, and now add the 

United States' as well, in commercial, scientific and technological terms, 

into further acquisitions of resources and manpower from the rest of the 

world, and actual subjugation of the rest of the world to military occupation 

between the eighteenth and twentieth century, the so-called age of colo

nialism, which is still going on in many places, did not help in leveling the 

field of competition. So naturally, all non-western cultures look like they are 

experiencing an age of decline in comparison. And their decline too started 

around the year 1 600, nearly 1 00 years after the discovery of the New World 

and during which European royal houses learned how to translate the ben

efits of that discovery into political power. 

As far as I can tell, neither Islamic science, nor Chinese science, for 

example, had managed to start a capital-driven cycle through their methods 

of production. In the Islamic world the institutions of science, such as obser

vatories, hospitals, and even the various houses of science (individually 

called dar al- 'ilm) that were mainly patronized by wealthy individuals, and 

at times the ruling sultan himself, were never directed at acquisition of fur

ther wealth, and never attained a self sustaining economic status that would 

have guaranteed their survival and perpetuity. They could produce brilliant 

scientists, such as the ones whose works we have examined, ever so briefly, 

but they could not guarantee the continuous production of the scientists 

themselves through the security of their income and position. As a result, 

the scientific production of the Islamic world was mainly driven by indi-
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vidual genius but only when those geniuses could by accident encounter the 

right patron who would offer the support. 

For modern times, the problem of catching up with western science is not 

only a problem for the Islamic world alone. Instead it has obviously become 

the problem of the whole so-called second and third worlds as well. And 

now they all seem to be locked in this competitive race for which the non

western world neither possesses the necessary capital, nor the infrastructure, 

nor the manpower to compete on fair grounds. Add to that the constant 

brain drain that continues to feed the first world at the expense of the sec

ond and third, a fact that makes this race even harder to win. 
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tinued an earlier medieval theme." Ibid. p. 1 1 7. See also Giovanna Cifoletti, "The 

Creation of the History of Algebra in the Sixteenth Century, " in Mathematical Europe, 

ed. Catherine Goldstein et a!., Paris, 1 996, pp. 1 23-142, esp. 1 23 .  

7. See De Vaux, "Les spheres." 

8. Nicolaus Copernicus, De Revolutionibus: Faksimiles des Manuskriptes, Hildesheim, 

1974, p. 75r. 

9. In response to Ragep's assessment in Ragep, Na�fr, p. 429, where he claims that 

Tusi, did not state explicitly that he invented the new theorem, one should remem

ber that when Tusi first stated the theorem in rudimentary form, in the Ta/:lrfr, he 

preceded it by his famous objection to Ptolemy's treatment of the subject starting 
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the rudimentary form of the theorem, until the resumption of his treatment of the 
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clusion is further strengthened when read together with Swerdlow's "Copernicus's 

Four Models of Mercury, " in Studia Copernicana Xlll, ed. Owen Gingerich and Jerzy 

Dobrzycki, Warsaw, 1975.  
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1 2. See G. Saliba, "Re-visiting the Astronomical Contacts between the World of Islam 

and Renaissance Europe: The Byzantine Connection" (forthcoming). 

13 .  See Jourdain, Memoire. 

14.  On the motivation of the Ilkhanids to construct such an institution, see G. Saliba, 

"Horoscopes and Planetary Theory: Ilkhanid Patronage of Astronomers," lecture 

delivered at a colloquium organized by the Los Angeles County Museum, June 2003, 

and to appear in the proceedings of the colloquium. 

15 .  Saliba, The Astronomical Work. 

1 6. See figure 4.6 in chapter 4. 

1 7 . See Anthony Grafton, "Michael Maestlin's Account of Copernican Planetary 

Theory, " Proceedings o(the American Philosophical Society 1 1 7, no. 6 (1973) :  523-550. 

18. Swerdlow, Commentariolus, p. 500. 

19. Ibid., p. 504. 
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scope, ed. Christopher Walker, St. Martin's Press, 1996, pp. 187-230, esp. 202. 
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Revolutionibus, New York, 1984, p. 295.  

23. See Marie-Therese d'Alverny, Avicenne en Occident, Paris, 1993, esp. sections 
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Swerdlow, "Aristotelian Planetary Theory in the Renaissance: Giovanni Batista 

Amico's Homocentric Spheres," Journal (or the History o( Astronomy 3 ( 1 972): 36-48. 
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seem to have benefited from the implications of the evidence discussed here. 
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39. Other earlier contacts involving Regiomontanus ( 14 7 6) have been tentatively put 
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the Time Museum. See A. J. Turner, Catalogue of the Collection, The Time Museum, vol. I, 
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1 985, p. 65. See also King, In Synchrony, II ,  p. 1 010, 6.2.h. 
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47. David King, In Synchrony II, p. 398f. 

48. For samples of such designs see Yousif MuJ:lammad Ghulam, The Art of Arabic 

Calligraphy, published by the author, 1982, pp. 72, 100, 1 20-121  and passim. 

49. I wish to express my gratitude for this information on the tulip craze and its 

Ottoman origins to my colleague and friend Professor Jeanne Nuechterlein. 
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Leipzig, 1955, and more recently, John Robert Jones, Learning Arabic in Renaissance 

Europe (1505-1624), London University Dissertation, No. DX195 5 1 6, 1988. Dannen

feldt's article "The Renaissance Humanists" remains very useful as well. 

5 1 .  See Dictionary of Scientific Biography., s.v. "Leo Africanus," and EJ2, s.c. "Leo 
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52. EJ2, s.v. "Leo African us." 

53.  For more information on this very interesting person, see the short discussion 

of his association with Copernican astronomy in Swerdlow and Neugebauer, 

Mathematical Astronomy, p. 1 6f., and the interesting articles by Peter Barker and 

Bernard Goldstein, "Patronage and Production of De Revolutionibus, " Journal for the 

History of Astronomy 34 (2003), pp. 345-368, esp. 348, and by Bernard Goldstein, 

"Kepler and Hebrew Astronomical Tables," Journal for the History of Astronomy 32 

(2001), 130-136. See also the very informative biographical note about him in 

Michaud's Biographie Universelle, 1 847, vol. 44, which also puts him in contact with 

another very interesting orientalist by the name of Ambrosio Teseo ( 1469-1 539) the 
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northern Italy towards the turn of the sixteenth century, and S. Riezler, "Widman

stetter, Johann Albrecht," in Allgemeine Deutsche Biographie (Leipzig, 1 875-1912) ,  

vol. xlii, pp. 35 7-361 .  I wish to express my gratitude to Noel Swerdlow, who alerted 

me to Bernard Goldstein's articles regarding Widmanstadt in the Journal for the History 

of Astronomy and to Bernard Goldstein who supplied the exact references and quota

tions as well as the reference to Riezler. 

54. Michaud, Louis Gabriel, Biographie Universelle, Paris, 1 847, vol. 44, pp. 56, 5 70f. 

55. For information about this patriarch, see YuJ:lanna 'Azz6, "Risalat al-batriyark 

Ighnatyus Ni'meh," al-Mashriq 31 ( 1933): 613-623, 730-737, 83 1-838. 

56. Laurentiana, Ms. Or 1 77, fol. 79r. 
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57.  For the exploits of this patriarch in Italy, see Robert Jones, Learning Arabic in 

Renaissance Europe, pp. 41-44. 

58. The works of Robert Jones have been helpful in documenting the details about 

this press. See Robert Jones, Learning Arabic in Renaissance Europe and "The Medici 

Oriental Press (Rome 1 584-1614) and the Impact of its Arabic Publications on 

Northern Europe," in The 'Arabick' Interest of the Natural Philosophers in Seventeenth

Century England, ed. G. Russell, Leiden, 1994, pp. 88-108. For more on this press and 

on Ignatius Ni'matallah's role, see G. J. Toomer, Eastern Wisdome and Learning, Oxford, 

1996. 

59. For this requirement, see Ursula Weisser, "Avicenna: Influence on Medical Studies 

in the West," in Encyclopedia Iranica, vol. III, pp. 107-1 10, esp. 109, col. 2. 

60. On Copernicus's advise on the calendar, see Swerdlow and Neugebauer, p. 31 .  

61 .  On the extensive role of  the Patriarch on that committee, see G. Coyne, M. 

Hoskin, and 0. Pedersen, Gregorian Reform of the Calendar: Proceedings of the Vatican 

Conference to Commemorate its 400th anniversary 1582-1982, Vatican, 1983, pp. 137,  

1 48, 215, 2 16, 2 1 7, 218, 221, 232, 235. 

62. See Andreas Vesalius, On the Fabric of the Human Body, Book I, San Francisco, 1998, 

p. xlvii. 

Chapter 7 

1 .  See Sachau, Chronology, p. x .  

2. An example of  the appeal of  the conflict paradigm can be seen in the work of  the 

distinguished physicist Pervez Hoodbhoy, Islam and Science. As for Ghazall's deleteri

ous influence, Sachau's opinion is still quoted in almost all sources dealing with 

Islamic intellectual history. 

3. See De Vaux, "Les spheres celestes," and Nau, Livre de /'ascension de /'esprit, 

4. From the modern period we see people like Huff, and even Sabra and King, almost 

always referring to the works of Ibn al-Shatir as the climax of astronomical thought, 

implying of course that they were the last flicker in a dying civilization, and that post 

Ibn al-Shatir period may not be worth the attention. See Toby Huff, The Rise of Early 

Modern Science: Islam, China and the West, Cambridge University Press, 1995, p. 47 n.1 

and passim. Sabra, Appropriation, esp. pp. 238-242, where he has a section devoted to 

the issues of decline, and where he quotes David King on similar ideas. 

5 .  A recent and well balanced assessment of this factor in the decline of Islamic 

science, discussed with other factors as well, has been elegantly summarized by 

AJ::lmad Yusuf al-l:lassan, "Factors behind the Decline of Islamic Science after the 
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Sixteenth Century," in Islam and the Challenge of Modernity, ed. Sharifah Shifa al-Attas, 

Kuala Lumpur, 1996, pp. 35 1-389, esp. 3 74-376. 

6. As a result the names of Hulagu and his grandfather Gengis Khan are usually fol

lowed by the expression "May God curse him," as in Abu al-Fida's, al-Mukhta�ar fi 

Akhbiir al-Bashar, Cairo, 1907, vol. 3, p. 1 22, vol. 4, p. 2. See also EF for a good survey 

of the sources that describe the fall of Baghdad and its devastation. 

7. See Hill, Book of Knowledge, and al-Hassan, al-fam: 

8. For the works of Banu Musa, see the English translation by Donald Hill, The Book 

of Ingenious Devices (Kitiib al-/:liyal) by the Banu (sons of) Mflsii bin Shakir, Dordrecht, 

1979, and the edition of the Arabic text by Al:lmad Yusuf al-Hassan, Kitab al-/:liyal by 

the Banu (sons of) Miisii bin Shakir, Aleppo, 1981.  

9. See Carra de Vaux, "Le Livre des appareils pneumatiques et des machines hydro

liques par Phil on de Byzance," Notices et Extra its des Manuscrits de Ia bibliotheque Natio

nale 38 (1903): 27-237 .  

10. Hero o f  Alexandria, The Pneumatics of Hero of Alexandria, London, 1 9 7 1 .  

1 1 .  See Saliba, "The Function o f  Mechanical Devices." 

12. See al-I:Iassan, al-fiimi ;  p. 5. 

13. See Ibn Abl U�aybi'a, 'Uyun, vol. I ,  p. 207, where he reports about al-Kindi's afflic

tion at the hands of Banu Musa as having been caused by al-Mutawakkil's fascination 

for the moving devices of Banu Musa (istihtiir al-mutawakkil bi-1-a/iit al-muta/;larrika). 

14. Ibn al-Nafis, Abu al-f:Iasan 'Ala' al-Oin b. Abi al-I:Iazm al-Qarshi al-Dimashqi (d. 

1288), Kitiib Shar/;1 Tashrl/:1 a/-Qiiniin, ed. Silman Qattaya, Cairo, 1988, p. 293-294. 

15. See Dictionary of Scientific Biography, s.v. Kamal al-Oin al-Farisi. 

16. John Hayes, ed., The Genius of Arab Civilization: Source of Renaissance, New York, 

1975, p. 215.  

1 7. Saliba, A History, p. 1 44. 

18. Saliba, "The Ultimate challenge," 

19. For a detailed account of this observatory and the stories surrounding its found

ing and its functioning, see Aydin Sayiii, The Observatory in Islam, Ankara, 1960, 

pp. 189-223, and Saliba, " Horoscopes and Planetary Theory" 

20. For translations of this treatise, see Jourdain, Memoire and Tekeli, "Al-Urdl 'nin." 

21. On the Maragha, Samarqand, and]ai Singh II  observatories, see Sayiii, The Obser

vatory in Islam, pp. 358-361; G. R. Kaye, Hindu Astronomy, Calcutta, 1924, p. 5; Kaye, 

Astronomical Observatories of!ai Singh, Calcutta, 1918.  For the direct indebtedness of 
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Jai Singh to the Maragha observatory and the results obtained at that observatory, see 

Bose et a!., Concise History, p. 101f. 

22. For the field of scientific instruments in general, see the works of David King, 

Islamic Astronomical Instruments, London, 1987, and in particular section VII of that 

study on the universal astrolabe. More recently see his remarkable study of the Mecca

centered world map, in David King, World-Maps for Finding the Direction and Distance 

to Mecca: Innovation and Tradition in Islamic Science, Leiden, 1999; King, In Synchrony 

with the Heavens: Studies in Astronomical Timekeeping and Instrumentation in Medieval 

Islamic Civilization, Leiden, 2004; Fran�ois Charette, Mathematical Instrumentation in 

Fourteenth-Century Egypt and Syria: The Illustrated Treatise of Najm al-Dln al-Mi�ri, 

Leiden, 2003, and now King's In Synchrony with the Heavens, vol. II, lmtruments of Mass 

Calculation, Brill, 2005. 

23. For a reference to this Italian lexicographer, see the Arabic copy of the Almagest, 

now kept at Tunis, Bibliotheque Nationale, no. 7 1 1 6, which has a signed statement 

on the flyleaf, in the hand of Ibn Ma'ruf in which he quotes Calepino. A picture of 

that note is now published in G. Saliba, "The World of Islam and Renaissance Science 

and Technology, " in Catherine Hess, ed. The Arts of Fire: Islamic Influences on Glass and 

Ceramics of the Italian Renaissance, Los Angeles, 2004, pp. 55-73, esp. 7 1 .  

24. See, for example, Ms. 2994, preserved i n  Nurosmania Library, Istanbul. 

25. The most recent application of this analysis can be seen in the work of Toby Huff, 

The Rise of Early Modem Science, who also quotes Needham and Weber on similar ideas. 

26. I have already discussed these connections between the European academies and 

the discovery or the New World, as well as the connection of Galileo to all that activ

ity in a relatively obscure journal in the context of a debate with the modern historian 

of science Toby Huff. See G. Saliba, "Flying Goats and Other Obsessions: A Response 

to Toby Huff's 'Reply,"' Bulletin of the Royal Institute for Inter-Faith Studies 4, no. 2 

(2002): 129-141 ,  especially p. 135f. This debate is now available on World Wide Web. 

27. Now see the study of David Freedberg, The Eye of the Lynx: Galileo, His Friends, and 

the Beginnings of Modem Natural History, Chicago, 2002. 

28. For a fuller appreciation of this fact, and its implications for the rise of modern 

science, see Joseph Needham, Within the Four Seas: The Dialogue of East and West, 

Toronto, 1969. 



Bibliography 

Aaboe, Asger. "On the Babylonian Origin of Some Hipparchian Parameters." Cen

taurus 4 (1 955-56): 122-125. 

'Abd al-Ghani, Mustafa La bib, Diriisat fT tiirlkh a/- 'ulilm 'inda a/-'Arab, volume 1. Dar 

al-Thaqafa, Cairo, 2000. 

Abu al-Fida, Isma'll (d. 1331 ). al-Mukhta,sar fT Akhbar a/-Bashar. Cairo, 1907. 

Abu al-Fida'. Geographie d'Aboul(eda, Taqwlm al-Buldan, ed. M. Reinaud. Paris, 1840. 

Abu Ma'shar al-Balkhl (d. 886). al-Madkhal ila 'ilm aizkam al-nujilm. ]arullah (Carullah) 

Ms. 1058, published in facsimile. Frankfurt, 1985. 

Abuna, Albert. Adab al-Luglw al-Aramlya. Beirut, 1970. 

Akhawayn, Mul)yi al-Oin Mul)ammad b. Qasim, a!- (fl. c. 1498). al-Ishkalat fT 'IIm a/

Hay'a (Problems in Science of Astronomy). Austrian National Library, Vienna, Arabic, 

1422. 

Almagest. al-l:lajjaj's Arabic translation. British Library manuscript, Add. 7474. 

Almagest. al-l:lajjaj's Arabic translation. Leiden University, Or. 680. 

Almagest. Isl)aq-Thabit translation. Bibliotheque Nationale de Tunis, no. 7 1 16.  

Anonymous (Andalusian). Kitiib a/-Hay'a. Osmania University Library, Hyderabad, 

Arabic Ms. 520RH. 

Aristotle. On the Heavens I & II, ed. S .  Leggatt. Aris & Phillips, 1995. 

Aristotle. On the Heavens. Loeb, 1939. Reprinted in 1960. 

Aouad, M. Averroes (Ibn Rushd): Commentaire Moyen a Ia Rlzetorique d'Aristote, Edition 

critique du texte arabe et traduction (ran(:aise. Paris, 2002. 

'Askari, al-I:Iasan b. 'Abdallah, Abu Hila!, a!- (993). Kitiib al-awii'il. Beirut, 1997. 

Averroes (Ibn Rushd) . Ta(slr mii ba 'd al-tabl'a, ed. M. Bouyges. Beirut, 1948. 



290 Bibliography 

Averroes (Ibn Rushd). Commentaire Moyen a Ia Rhetorique d'Aristote, Edition critique du 

texte arabe et traduction franraise. Paris, 2002. 

'Azz6,Yul).anna. "Risalat al-batriyark Ighnatylis Ni'meh."  al-Mashriq 31 ( 1933): 613-

623, 730-737, 831-838. 

Baghdadi, Abu al-Barakat a!-. Kitab al-Mu'tabar. Hyderabad, 1938. 

Baghdad!, Muwaffaq al-Dln Abu Mul).ammad b. Yusuf, 'Abd al-LatJ:f al- (123 1 ). al

Ifada wa-1-I'tibar, ed. A. Ghassan Sabanu. Dar Ibn Zaydun (Beirut) and Dar Qutayba 

(Damascus), 1984. 

Banu Musa. Kitab a/-f.ziyal by the Banu (sons of) Musa bin Shakir, ed. A. Y. al-Hassan. 

Aleppo, 198 1 .  

Banu Musa. The Book of Ingenious Devices (Kitab al-f.ziyal) by the Bam/ (sons of) Mus a bin 

Shakir. Dordrecht, 1979.  

Bar Hebraeus. See Nau. 

Barker, Peter, and Bernard Goldstein. "Patronage and Production of De Revolutioni

bus." Journal for the History of Astronomy 34 (2003): 345-368. 

Bergstrasser, Gotheil. ljunain b. Isf.zaq, Ober die Syrischen und Arabischen Galeniibersetz

ungen. Leipzig, 1 925. 

Blrunl, Abu al-Rail).an (1048). al-Athar al-Baqiya 'an a/-Qurzln al-Khiiliya (Chronology of 

Ancient Nations), ed. E. Sachau. London, 1 879. 

Blrunl, Abu al-Rail).an, Mul).ammad b. Al).mad a!- ( 1048). Kitab al-tafhim li-awa'il 

�ina 'at al-tanjim (The Book of Instruction in the Elements of the Art of Astrology). Lon

don, 1934. 

Bose, D .  M., S. N. Sen, and B.  V. Subbarayappa, eds. A Concise History ofScience in India. 

New Delhi, 1 9 7 1 .  

Boyer, Carl. A History of Mathematics. New York, 1968. 

Brubaker, Leslie, ed. Byzantium in the Ninth Century: Dead or Alive? Ashgate, 1998. 

Brunschvig, R.,  and G. E. Grunebaum. Classicisme et Dec/in Culture/ dans l'histoire de 

/ 'Islam. Paris, 1957.  

Burnett, Charles, Jan Hogendijk, Kim Plofker, and Michio Yano, eds. Studies in the His

tory of the Exact Sciences in Honor of David Pingree. Boston, 2004. 

Buzjanl, Abu al-Wafa', al- (997).  Ma yaf.ztaj ilaih al-$tmna ' min 'ilm a/-handasa. Bagh

dad, 1 9 79. 

Buzjanl, Abu al-Wafa', a!-. Ma yaf.ztaj ilaih al-kuttab wa-1-\imma/ wa-ghairihim min 'ilm 

al-f.zisab. In A. S. Saidan, Abu a/-Wafa' al-BuzjaniT: 'ilm al-f.zisab a/- 'arabi. Amman, 1971 .  



Bibliography 291 

Cambridge History of Arabic Literature: Religion, Learning and Science in the Abbasid 

Period, ed. M. Young et a!. Cambridge University Press, 1 990. 

Charette, Franyois. Mathematical Instrumentation in Fourteenth-Century Egypt and Syria: 

The Illustrated Treatise ofNajm al-Dfn al-Mi�ri. Brill, 2003. 

Cheikho, Louis. "Risiilat al-Khujandl fT may/ wa- 'ar4 al-ba/ad." Mashriq 1 1  ( 1 908): 

60-69. 

Cifoletti, Giovanna. "The Creation of the History of Algebra in the Sixteenth

Century." In L'Europe mathematique-Mythes, histoires, identites, ed. C. Goldstein et a!. 

Editions de Ia Maison des sciences des l'hommes, 1 996. 

Copernicus, Nicolaus. De Revolutionibus: Faksimiles des Manuskriptes. Hildesheim, 

1974. 

Coyne, G.  V., M. A. Hoskin, and 0. Pedersen. Gregorian Reform of the Calendar: Pro

ceedings of the Vatican Conference to Commemorate its 400th anniversary 1 582-1982. Vat

ican, 1 983. 

d' Alverny, Marie-Therese. Avicenne en Occident. Paris, 1993. 

Daniel, Norman. Islam and the West: The Making of an Image. Oxford University Press, 

1960, 1993. 

Dannenfeldt, Karl. "The Renaissance Humanists and the Knowledge of Arabic."  Stud

ies in the Renaissance 2 ( 1 955): 96-1 1 7. 

Debarnot, Marie-Therese. "The Zij of I:Iabash al-I:Iasib: A Survey of Ms. Istanbul Yeni 

Cami 784/2." In King and Saliba, From Deferent to Equant. New York Academy of 

Sciences, 1987. 

Della Vida, Giorgio Levi. Ricerche sui/a formazione del piu antico fonda deu manoscritti 

orientali della biblioteca Vatic ana. Studi e Testi, Biblioteca Apostolica Vaticana, Citta del 

Vaticano, 1939. 

de Vaux, Baron Carra. "Les spheres celestes selon Nasir-Eddin Attusi." In Paul Tannery, 

Recherches sur l'histoire de /'astronomie ancienne. Gauthier-Villars, 1893. 

de Vaux, Baron Carra. "Le Livre des appareils pneumatiques et des machines hydro

liques par Philon de Byzance. Notices et Extraits des Manuscrits de Ia bibliotheque Natio

nale 38 (1903): 27-23 7. 

Dictionary ofScienti{lc Biography. New York, 19 70-1990. 

Dobrzycki, Jerzy, and Richard L. Kremer. "Peurback and the Maragha astronomy? The 

Ephemerides of Johannes Angelus and Their Implications." Journal for the History of 

Astronomy 27 (1996): 187-23 7. 

Dorotheus Sidonius. See Pingree, 1976. 



292 Bibliography 

Dzielska, Maria. Hypatia of Alexandria. Harvard University Press, 1995. 

Eche, Youssef. Les Bibliotheques Arabes. Damas, 1967. 

EHAS. See Encyclopedia of the History of Arabic Sciences. 

EF. See Encyclopedia of Islam. 

Encyclopaedia Britannica. 

Encyclopedia Iranica. http:/ /www.iranica.com/articlenavigation/index.html. 

Encyclopedia Ita/iana, Storia della Scienza, volume Ill. Rome, 2002. 

Encyclopedia of Islam, second edition. Brill, 1986-2004. Cited as EJ2. 

Encyclopedia of the History of Arabic Sciences, ed. R. Rashed in collaboration with Regis 

MoreJon. Routledge, 1 996. Cited as EHAS. 

Farghanl, Ibn Kathlr, a!- (fl. 861) .  Jawiimi ' 'i/m al-nujum. Amsterdam, 1669. 

Freedberg, David. The Eye of the Lynx: Ga/ileo, His Friends, and the Beginnings of Modem 

Natural History. University of Chicago Press, 2002. 

Fihrist. See al-Nadlm. 

Flick, Johann. Die Arabischen Studien in Europa his in den Anfang des 20. Jahrhundert. 

Leipzig, 1955.  

Ghars al-Dln, AJ:!mad b. Khalll al-I:Ialabl (d.  1 563). Tanblh al-nuqqiid 'alii mii fl a/-hay'a 

al-mashhura min al-fasiid (Alerting the Critics to the Corruption of the Well-Known 

Astronomy). Istanbul, Yeni ]ami', Ms. 1 18 1 .  

Ghazall, Abu I:Iamid (d. 1 1 1 1 ), a!-. The Incoherence of the Philosophers, ed. M .  Marmura. 

Provo, 1997. 

Ghulam, Yousif MuJ:!ammad. The Art of Arabic Calligraphy. Published by the author, 

1 982. 

Goldstein, Bernard. Al-Bitriijl: On the Principles of Astronomy. Yale University Press, 

1 9 7 1 .  

Goldstein, Bernard. "Copernicus and the Origin o f  His Heliocentric Universe."  Jour

nal for the History of Astronomy 33 (2002): 219-235. 

Goldstein, Bernard. "Ancient and Medieval Values for the Mean Synodic Month." 

Journal for the History of Astronomy 34 (2003): 65-7 4. 

Goldstein, C., ] .  Gray, and ].  Ritter, eds. L'Europe mathematique-Mythes, histoires, iden

tites. Mathematical Europe-Myth, History, Identity. Editions de Ia Maison des sciences 

des l 'hommes, 1996. 



Bibliography 293 

Goodman L. E. "The Translation of the Greek materials into Arabic." In Cambridge His

tory of Arabic Literature: Religion Learning and Science in the Abbasid Period. Cambridge 

University Press, 1990. 

Grafton, Anthony. "Michael Maestlin's Account of Copernican Planetary Theory." 

Proceedings of the American Philosophical Society 1 1 7, no. 6 ( 1 9 73):  523-550. 

Grant, Edward, ed. A Source Book in Medieval Science. Harvard University Press, 1 9 74. 

Green, V. H. H.  Renaissance and Reformation: A Survey of European History Between 1450 

and 1660. London. 1954. Reprinted in 1975.  

Gregory, Timothy. A History of Byzantium. Blackwell, 2005. 

Grignaschi, Mario. "Les " Rasa'il Aristatalls ila-1-Iskandar" de Salim Abu-1-'Ala' et 

l'Activite Culturelle a l 'Epoque Omayyade." Bulletin d'Etudes Orientales 19 ( 1965-66): 

7-83. 

Grunebaum, Gustav Von. Islam: Essays in the Nature and Growth of a Cultural Tradition. 

Greenwood, 198 1 .  

Gubernatis, Angelo de. Materiaux pour servir a l'histoire des etudes orientales en Italie. 

E. Leroux, 1876. 

Gutas, Dimitri. "Paul the Persian on the Classifications of the Parts of Aristotle's Phi

losophy: A Milestone between Alexandria and Baghdad."  Der Islam 60 (1983): 3 1-267. 

Gutas, Dimitri. Greek Thought, Arabic Culture. Routledge, 1998. 

I:Iabash al-I:Iasib, Al)mad b. 'Abdallah (c. 850). See Kennedy, Kunitzsch, and Lorch, 

1999. 

I:Iajjaj b. Matar (c. 830). Almagest (Arabic translation). Leiden University, Ms. Or 680. 

HAMA. See Neugebauer, 1975.  

Hartner, Willy. "Copernicus, the Man, the Work, and Its H istory." Proceedings of the 

American Philosophical Society 1 1 7, no. 6 ( 1973):  4 13-422. 

Hartner, Willy. "Na�Ir al-Oin al-Tlisl's Lunar Theory." Physis 1 1  ( 1969) : 289-304. 

Hashim!, 'All b. Sulaiman al- (ninth century) . Kitiib (f 'ilal al-zljiit. Bodleian Ms. Selden 

A. 1 1 .  

Haskins, Charles Homer. The Renaissance of the 12th Century. Cambridge, Massachu

setts, 1927. 

I:Iassan, Al)mad Y. a!-, ed. al-Jiimi 'bain al-'ilm wa-1- 'a mal al-niifi '(f �inii'at al-l;liyal (Com

bining Theory and Useful Practice in the Craft of Mechanical Arts). Aleppo, 1 9 79.  See also 

Hill 1974. 



294 Bibliography 

J:Iassan, Al)mad Y. al-, and Donald Hill. Islamic Technology: An illustrated History. 

UNESCO and Cambridge University Press, 1986. 

J:Iassan, Al)mad Yusuf al-. "Factors behind the Decline of Islamic Science after the Six

teenth Century." In Islam and the Challenge of Modernity, ed. S. Shifa al-Attas. Kuala 

Lumpur, 1996. 

Hayes, John, ed. The Genius of Arab Civilization: Source of Renaissance. New York Uni

versity Press, 1975.  

Heinen, Anton. Islamic Cosmology. Orient Institute, Beirut, 1982. 

Hero of Alexandria. The Pneumatics of Hero of Alexandria. Macdonald, 1971 .  

Hess, Catherine, ed., with contributions by Linda Komaroff and George Saliba. The 

Arts of Fire: Islamic Influences on Glass and Ceramics of the Italian Renaissance. ]. Paul 

Getty Museum, 2004. 

Hill, Donald. The Book of Ingenious Devices (Kitiib al-Ifiyal) by Baml (sons of) M!lsii bin 

Shakir. Reidel, 1979. 

Hill, Donald. The Book of Knowledge of Ingenious Mechanical Devices. Reidel, 1974 

(translation of ]azari) . 

Homa'l, ]alai al-Dln. al-Tafh!m li-awii'i/ �ina 'at al-tanj!m. Babak, Teheran. 

Hood bhoy, Pervez. Islam and Science: Religious Orthodoxy and the Battle for Rationality. 

Zed, 1991 .  

Hoodbhoy, Pervez. Muslims and Science: Religious Orthodoxy and the struggle for Ratio

nality. Vanguard, Lahore, 1991.  

Huff, Toby. The Rise of Early Modern Science: Islam, China and the West. Cambridge Uni

versity Press, 1995. 

Ibn Abl U�aybi'a, Al)mad b. Qasim ( 1270). Vyzln al-Anbii' fi Tabaqiit al-Atibba; ed. R. 

Muller. Konigsberg, 1884. 

Ibn al-Athlr, 'Izz al-Dln Abu al-J:Iasan (d. 1223). al-Kiimil fi a/-Tiirlkh. Dar al-Kitab 

al-'Arabi, Beirut, 1995. 

Ibn al-Baitar. al-fiimi ' li-Mufradiit al-Adwiya wa-1-Aghdhiya. Bulaq, 187 4.  

Ibn al-Haitham, al-J:Iasan Abu 'All (d.  1049). "On the Elevation of the Pole." Leiden 

1643, British Museum Ms. Add. 3034, dated 1646. 

Ibn al-Haitham, al-J:Iasan Abu 'All (d. 1049). al-Shukllk 'alii Batlamyas (Dubitationes in 

Ptolemaeum), ed. A. Sabra and N. Shehaby. Dar al-Kutub, Cairo, 1971 .  

Ibn al-Nafls, Abu al-J:Iasan 'Ala' al-Dln b. Abl al-J:Iazm al-Qarshl al-Dimashql (d .  1288). 

Kitiib Sharl:z Tashrl/:z a/-Qiimln, ed. S. Qattaya. Cairo, al-Hay'a al-Ma�rlya, 1988. 



Bibliography 295 

Ibn al-Shatir, 'Ala' al-Oin ( 1375).  Kitab nihayat al-sul fl ta�f)ll; a/-u�u1 (The Ultimate 

Quest in the Rectification of [Astronomical] Principles) (Bodleian. Ms. Marsh 139) 

ed. George Saliba (forthcoming) . 

Ibn al-Ukhuwwa, Mul)ammad b. Mul)ammad b. (1329). Maillim al-qurbah fl af)kam 

al-f)isba, ed. R. Levey. Cambridge, 1938. 

Ibn Khaldfm, 'Abd al-Ral)man ( 1406). The Muqaddimah. Princeton, 1 958. 

Ibn Mamatl, As'ad b. Muhadhdhab ( 1209). Qawanln a/-Dawawln, ed. A. Atiya. 

matba'at Mi�r, Cairo, 1943. 

Ibn Qutayba. Vyun a/-akhbar. Dar al-Kitab, Beirut, 1997. 

Ibn Qutayba. Kitab al-anwa'. Dar al-ma'arif al-Osmaniya, Hyderabad, 1 956. 

Itl!dl, Mul)ammad Diyab a!- (seventeenth century). I1am al-nas bi-ma waqa 'a /i-1-

baramika rna 'a bani a/-'abbas. Beirut, 1990. 

Jai)i?, 'Amr b. Bal)r, a!- (869). Kitab al-Bukhala'. Dar al-Fikr, Beirut, n.d. 

Jahshiyarl, Mul)ammmad b. 'Abdus, a!- (d. 942). Kitab al-Wuzara' wa-1-Kuttab. Dar 

al-Fikr, Beirut, 1988. 

Jazarl, Isma'II Abu al-'Izz, a!- (c. 1206). al-fami ' bain al- 'ilm wa-1-'amal al-nafi 'fl �ina 'at 

al-f)iyal (Combining Theory and Useful Practice in the Craft of Mechanical Arts), ed. A. Y. 

al-f:Iassan. Aleppo, 1979. See also Hill, 1974; al-f:Iassan, 1979. 

Job of Edessa (c. 81 7).  Book of Treasures, ed. A. Mingana. Heffer, 1 935. 

Jones, John Robert. Learning Arabic in Renaissance Europe (1505-1624). Dissertation 

DX1955 16, London University, 1988. 

Jones, John Robert. "The Medici Oriental Press (Rome 1584-1614) and the Impact of 

its Arabic Publications on Northern Europe." In The 'Arabick' Interest of the Natural 

Philosophers in Seventeenth-Century England, ed. G. Russell. Brill, 1 994. 

Jones, Alexander. "Later Greek and Byzantine Astronomy." In Astronomy before the 

Telescope, " ed. C. Walker. St. Martin's Press, 1996. 

Jourdain, A. Memoire sur l'observatoire de Meragah et sur Quelques Instruments Employes 

pour Observer. Paris, 1870. 

Jumayll, Rashid a!-. lfarakat al-tarjama fl al-mashriq al-islaml fl al-qarnain al-thalith 

wa-1-rabi' /i-1-hijra, al-kitab. Tripoli, 1982. 

Kaye, G. R. Hindu Astronomy. Calcutta, 1924. 

Kennedy, E. S. "A Survey of Islamic Astronomical Tables ."  Transactions of the American 

Philosophical Society, New Series, 46, no. 2 ( 1956): 123-177 .  

Kennedy, E .  S. "Late Medieval Planetary Theory." Isis 5 7  (1966) : 365-378. 



296 Bibliography 

Kennedy, E. S. "The Arabic Heritage in the Exact Sciences. "  al-Abl;ziith 23 (1970): 327-

344. Reprinted in Studies in the Islamic Exact Sciences by E. S. Kennedy, Colleagues and 

Former Students, ed. D. King and M. Kennedy. American University, Beirut, 1983. 

Kennedy, E. S., and !mad Ghanim. The Life and Work of Ibn a/-Shiitir. Aleppo, 1976. 

Kennedy, E. S., Fuad I. Haddad, and David Pingree. The Book of the Reasons Behind 

Astronomical Tables. Scholars' Facsimile and Reprints, New York, 1981.  

Kennedy, E. S .  Studies in the Islamic Exact Sciences by E.  S. Kennedy, Colleagues and For

mer Students, ed. D. King and M. Kennedy. American University, Beirut, 1983. 

Kennedy, E. S., P. Kunitzsch, and R. P. Lorch, eds. The Melon-Shaped Astrolabe in Arabic 

Astronomy. Steiner, 1999. 

Khatri, Shams al-Dln (1550). See Saliba, 1994, 1997, 2000. 

Kharaq!, 'Abd al-jabbar, a!- (1 139). Muntahii al-idriik fl taqiislm al-af/iik. Bibliotheque 

Nationale de France, Arabe 2499. 

Khwarizm!, Muhammad b. Miisa, al-. Kitiib al-jabr wa-1-muqiiba/a. See Rosen, 183 1 .  

Khwarizmi al-Katib, Mul:,lammad b .  A!)mad b. Yiisuf, a!- (997). Mafiitli! a/- 'uUim, ed. G .  

van Vloten. Leiden, 1895. 

King, David. "Ibn al-Shatir." In Dictionary of Scientific Biography, 1975. 

King, David, and George Saliba. From Deferent to Equant. Annals of the New York Acad

emy of Sciences 500 ( 1987). 

King, David. Islamic Astronomical Instruments. Variorum, 1987. 

King, David. Astronomy in the Service of Islam. Aldershot, 1993. 

King, David. World-Maps for Finding the Direction and Distance to Mecca: Innovation and 

Tradition in Islamic Science. Brill, 1999. 

King, David. In Synchrony with the Heavens: Studies in Astronomical Timkeeping and 

Instrumentation in Medieval islamic Civlization, volume 1: The Call of the Muezzin. Lei

den, 2004. 

King, David. In Synchrony with the Heavens: Studies in Astronomical Timkeeping and 

Instrumentation in Medieval islamic Civlization, volume II :  Instruments ofMass Calwla

tions. Brill, 2005. 

Kunitzsch, Paul. Peter Apian und Azophi: Arabische Stembilder in lngolstadt im friihen 16. 

fahrhundert. Bayerische Akademie der Wissenschaften, Philosophisch-Historische 

Klasse, Sitzungsberichte, jahrgang 1986, Heft 3, Verlag der Bayerischen Akademie der 

Wissenschaften, 1986. 



Bibliography 297 

Kuntz, Marion. Guillaume Postel: Prophet of the Restitution of All Things, His Life and 

Thought. Kluwer, 1981. 

Legacy o(Islam, ed. T. Arnold and A. Guillaume. Oxford University Press, 1931. 

Lemerle, Paul. Le Premier Humanisme Byzantin: Notes et remarques sur enseignement et 

culture a Byzance des origins au X'· siecle. Presses Universitaires de France, 1971 .  

Lewis, Bernard, ed. The World of Islam. Thames and Hudson, 1976. 

Mango, Cyril, ed. The Oxford History of Byzantium. Oxford University Press, 2002. 

Mas'lidl, Abu al-f:lasan 'All b. f:lusain b, 'All, al- (956). Muruj al-Dhahab (Les Prairies 

d'Or), ed. C. Barbier de Meynard. Paris, 1874. 

Mavroudi, Maria. A Byzantine Book on Dream Interpretation: The Oneirocriticon of Achmet 

and Its Arabic Sources. Brill, 2002. 

Mercier, Andre, ed. Islam und Abendland. Herbert Lang, 1976. 

Meyerhof, Max. "Von Alexandrien nach Bagdad: Ein Beitrag zur Geschichte des philo

sophischen und medizinischen Unterrichts den Araben. " Sitzungsberichte der Berliner 

Akademie der Wisscnscha(ten, Philologisch-historische Klasse, 1930: 389-429. 

Meyerhoff, Max. "Science and Medicine." In the Legacy of Islam, ed. T. Arnold and 

A. Guillaume. Oxford University Press, 1931 .  

Michaud, Louis Gabriel. Biographie Universelle. Paris, 1847-. 

Mingana. See Job of Edessa. 

Morelon, Regis. "Eastern Arabic Astronomy between the Eighth and the Eleventh 

Centuries." In EHAS. 

Moreton, Regis. Thiibit Ibn Qurra: Oeuvres d'Astronomie. Belles Lettres, Paris, 1987. 

Morrison, Robert. "Qutb al-Dln al-Shirazl's Use of Hypotheses." Journal for the History 

of Arabic Science 1 3  (2005): 21-140. 

Mumtal;lan, The Verified Astronomical Tables for the Caliph al-Ma 'mun, by Yal)ya b. Abl 

Man�ur, photographic print of Escorial Ms. Arabe 927, by Fuat Sezgin, Institute for the 

History of Arabic-Islamic Science, Frankfurt, 1986. 

Nadlm, Abu al-Faraj Mul)ammad b. Abl Ya'qub Isl)aq, a!- (987). al-Fihrist, ed. Y. 'All 

Tawil. Beirut, 1996. 

Nallino, Carlo A. 'lim al-Fa/k: Tiir!khuhu 'ind a/-'Arab fT al-qurun al-wustii. Rome, 1 9 1 1 .  

Nau, F. [Bar Hebraeus] . Livre de /'ascension de /'esprit sur Ia forme du ciel e t  de Ia terre. 
Emile Bouillon, 1899. 



298 Bibliography 

Nau, F. "Le traite de !'astrolabe plan de Severe Sebokt, publie pour Ia premiere fois 

d'apres un Ms. de Berlin."  Journal Asiatique 13 ( 1899): 56-101, 238-303. 

Nau, F. "La plus ancienne mention orientale des chiffres indiens." Journal Asiatique 16 

( 1910) : 225-227. 

Nau, F. "Notes d'astronomie syrienne."  Journal Asiatique, 2e ser. t. xvi (19 10): 225-226. 

Nau, F. "La traite sur les "constellations" ecrit, en 661, par Severe Sebokht Eveque de 

Qennesrin." Revue de /'Orient Chretien, 3e serie, 7, no. xxvii ( 1929-30): 327-338. 

Needham, Joseph. Within the Four Seas: The Dialogue of East land West. University of 

Toronto Press, 1969. 

Neugebauer, Otto. "Studies in Byzantine Astronomical Terminology." Transactions of 

the American Philosophical Society, New Series, SO ( 1960): 1-45 

Neugebauer, Otto. "Thabit Ben Qurra 'On the Solar Year' and 'On the Motion of the 

Eighth Sphere,' translation and commentary." Proceedings of the American Philosophi

cal Society 106 (1962) : 64-299. 

Neugebauer, Otto. "On the Planetary Theory of Copernicus." Vistas in Astronomy 10 

(1968) : 89-103. 

Neugebauer, Otto. A History of Ancient Mathematical Astronomy. Springer-Verlag, 1975. 

Cited as HAMA. 

O'Leary, De Lacy. How Greek Science Passed to the Arabs. Routledge, 1949. Reprinted 

in 1964. 

Oxford Dictionary of Byzantium. Oxford University Press, 1991 .  

Paret, R. Der Islam und das griechische Bildungsgut. Mohr, 1950. 

Paschos, E. A., and P. Sotiroudis. The Schemata of the Stars: Byzantine Astronomy from 

AD 1 300. World Scientific, 1998. 

Pingree, David. "Gregory Chioniades and Paleologan Astronomy." Dumbarton Oaks 

Papers 1 8  ( 1964): 133-160. 

Pingree, David. "The Fragments of the Works of Ya'qilb ibn Tariq." Journal of Near East

ern Studies 26 (1968) : 97-125. 

Pingree, David. "The Fragments of the Works of al-Fazari . " Journal of Near Eastern Stud

ies 29 ( 1970) : 103-123. 

Pingree, David, and E. S. Kennedy. Astrological History of Miishii'alliih. Harvard Uni

versity Press, 1971 . 

Pingree, David. "The Greek Influence on Early Islamic Mathematical Astronomy. " 

Journal of the American Oriental Society 93 (1 973):  32-43. 



Bibliography 299 

Pingree, David. Dorotheus Sidonius Carmen Astrologicum. Teubner, 1 976. 

Pingree, David. The Astronomical Works of Gregory Chioniades. ].  C. Gieben, 1985. 

Postel, Guillaume (158 1-1981 ). Guillaume Postel (1581-1981). Actes du Colloque 

International d'Avranches, 5-9 Septembre, 1981,  Paris, 1 985. 

Ptolemy, Claudius. The Almagest. See Almagest; Toomer, 1984. 

QiftJ, 'Ali b. Yusuf (1248), a!-, Ta'rlkh al-/.lukamii'. Dietrich'sche Verlagsbuchlandlung, 

Leipzig, 1903. 

Ragep, F. ] ami!. Na�lr al-Dln a/-Tfisl's Memoir on Astronomy. Springer-Verlag, 1 993. 

Ragep, F. ]ami!. "Tusl and Copernicus: The Earth's Motion in Context." Science in Con

text 14 (2001) :  1 45-163. 

Ragep, F. ]ami!. "Freeing Astronomy from Philosophy: An Aspect of Islamic Influence 

on Science." Osiris 16 (2001) :  49-7 1 .  

Ragep, F. jamil. "'All Qushjl and Regiomontanus: Eccentric Transformations and 

Copernican Revolutions." Journal for the History of Astronomy 36 (2005): 359-3 7 1 .  

Rashed, Roshdi. "!'Idee d e  l'Algebre Selon Al-KhwarizmL" Fundamenta Scientiae 4 

(1983) 87-100. 

Rashed, Roshdi. I' Art de I 'Algebre de Diaphonte. al-Hay' a a!-Mi�rl ya, Cairo, 19 7 5. French 

translation Paris 1984. 

Rashed, Roshdi. "Problems of the Transmission of Greek Scientific Thought into Ara

bic: Examples from Mathematics and Optics. "  History of Science 27 (1989) : 1 99-209. 

Reprinted in Rashed, Optique et mathematique. Variorum, 1992. 

Rashed, Roshdi. Optique et mathematique. Variorum, 1992. 

Rhazes (Razl, Mul).ammad b. Zakarlya, Abu Bakr, a!- (925)). De varia/is et morbi/lis. 

London, 1 760. 

Razl, MuQ.ammad b. Zakarlya, Abu Bakr, a!- (925). al-Shukilk 'ala fall nus (Doubts contra 

Galen), ed. M. Mohaghegh. Tehran, 1993. 

Ritter, Helmut. " l'Orthodoxie a-t-elle une part dans Ia Decadence?" In Classicisme et 

Dec/in Culture/ dans l'histoire de / 'Islam, ed R. Brunschvig and G. Grunebaum. Paris, 

1957. 

Roberts, Victor. "The Solar and Lunar Theory of Ibn al-Shatir: A Pre-Copernican 

Copernican Model. "  Isis 48 (1957) :  428-432. Reprinted in Studies in the Islamic Exact 

Sciences, ed. D. King and M.-H. Kennedy. American University, Beirut, 1983. 

Rosen, Frederic. The Algebra of Mohammed ben Musa. London, 1 83 1 .  Reprint: Olms, 

1986. 



300 Bibliography 

Rosenthal, F. The Classical Heritage in Islam. Routledge, 1965. 

Russell, Gtil, ed. The 'Arabick' Interest of the Natural Philosophers in Seventeenth-Century 

England. Brill, 1994. 

Ryssel, V. "Die Astronomischen Briefe Georgs des Araberbischofs ."  Zeitschrift fiir 

Assyriologie und verwandte Gebiete 8 ( 1893) : 1-55.  

Sabra, A. I .  "The Scientific Enterprise." In The World of Islam, ed.  B .  Lewis. Thames and 

Hudson, 1976. 

Sabra, A. I .  "The Appropriation and Subsequent Naturalization of Greek Science in 

Medieval Islam: A Preliminary Statement." History of Science 25 ( 1 98 7):  223-243. 

Sabra, A. I. "Situating Arabic Science: Locality versus Essence." Isis 87 (1996): 654-679. 

Sachau, Edward. Birunl's Chronology of Ancient Nations. William H. Allen, 1879. 

Safadl, Saliih al-Dln Khalil b. Aybak, al- (d. 1362). Al-Ghayth al-musajjam fl sharJ:z 

liimiyat al-'ajam. Beirut, 1997. 

Safadl, SalaJ:l al-Dln Khalil b. Aybak, al- (d. 1363). Kitiib al-wiifl bi-1-wafayat. Wies

baden, 1981.  

Saidan, A. S. Abu a/-Wafii 'al-Bzlzjanfi: 'ilm al-J:zisiib a/-'arabi. Amman, 19 71 .  

Saidan, A .  S. The Arithmetic of al-Uqlldisl. Reidel, 1978. 

Saliba, George. "The Original Source of Qutb al-Dln al-Shlrazi's Planetary Model." 

Journal for the History of Arabic Science 3 (1979): 3-1 8. 

Saliba, George. "The Function of Mechanical Devices in Medieval Islamic Society." 

Annals of the New York Academy of Sciences 441 ( 1985): 141-1 5 1 .  

Saliba, George. "The Determination o f  the Solar Eccentricity and Apogee According 

to Mu'ayyad al-Dln al-'Ur<;li (d. 1266 A.D.) ."  Zeitschrift fiir Geschichte der Arabisch

Islamischen Wissenschaften 2 (1985): 47-67. Reprinted in Saliba, A History. 

Saliba, George. "The Role of the Almagest Commentaries in Medieval Arabic Astron

omy: A Preliminary Survey of Tlisi's Redaction of Ptolemy's Almagest." Archives Inter

nationales d'Histoire des Sciences 3 7 (1987) :  3-20. Reprinted in Saliba, A History. 

Saliba, George. "Theory and Observation in Islamic Astronomy: The work of Ibn al

Shatir of Damascus."  Journal for the History of Astronomy 18 (1987): 35-43. Reprinted 

in Saliba, A History. 

Saliba, George. "Arabic Astronomy in Byzantium." journal for the History of Astronomy 

20 (1990): 21 1-215 .  

Saliba, George. The Astronomical Work ofMu'ayyad al-Dln a/- 'Urr[l (d. 1266): A Thirteenth 

Century Reform of Ptolemaic Astronomy, 'Ur<;ll's Kitiib al-Hay'a. Beirut, 1990, 1995. Third 

corrected edition, 2001 .  



Bibliography 301 

Saliba, George, and E. S. Kennedy. "The Spherical Case of the Tusi Couple." Arabic Sci

ences and Philosophy 1 (1991) :  285-291. Reprinted with minor mistakes in Na�ir al-Din 

a/-'fils/: Philosophe et savant du xiii' siecle, ed. N. Pourjavadi and Z. Vesel. Institut Fran

,.ais de Recherche en Iran and Presses Universitaires d'Iran, Teheran, 2000. 

Saliba, George. "A Sixteenth-Century Drawing of an Astrolabe Made by Khafif 

Ghulam 'All b. 'Isa (c. 850 A.  D . ) . "  Nuncius, Annali di Storia della Scienza 6 (199 1 ) :  

109- 1 1 9 .  

Saliba, George. "Copernican Astronomy i n  the Arab East: Theories o f  the Earth's 

Motion in the Nineteenth Century." In Transfer of Modem Science and Technology to the 

Muslim World, ed. E. Ihsanoglu. Istanbul, 1992. 

Saliba, George. "The Role of the Astrologer in Medieval Islamic Society." Bulletin 

d'Etudes Orientales 44 (1992) : 45-68. Reprinted in Magic and Divination in Early Islam, 

ed. E. Savage-Smith. Ashgate-Variorum, 2004. 

Saliba, George. "Al-Qushjl's Reform of the Ptolemaic Model for Mercury. " Arabic 

Sciences and Philosophy 3 ( 1993) : 1 61-203. 

Saliba, George. "A Sixteenth-Century Arabic Critique of Ptolemaic Astronomy: The 

Work of Shams al-Oin al-Khafri ."  Journal for the History of Astronomy 25 (1994) : 1 5-38. 

Saliba, George. "Early Arabic Critique of Ptolemaic Cosmology: A Ninth-Century Text 

on the Motion of the Celestial Spheres."  Journal for the History of Astronomy 25 (1994) : 

1 15-1 4 1 .  

Saliba, George. A History of Arabic Astronomy: Planetary Theories During the Golden Age 

of Islam. New York University Press, 1994. 

Saliba, George. "Paulus Alexandrinus in Syriac and Arabic ."  Byzantion 65 (1995) : 

440-454. 

Saliba, George. "Arabic Planetary Theories after the Eleventh Century AD." In Ency

clopedia of the History ofArabic Science. Routledge, 1 996. 

Saliba, George. "A Redeployment of Mathematics in a Sixteenth-Century Arabic 

Critique of Ptolemaic Astronomy. " In Perspectives arabes et medievales sur Ia tradition 

scientifique philosophique grecque. Actes du Colloque de Ia S. I. H. S. P. A .  I. (Societe inter

nationale d'histoire des sciences et de Ia philosophie arabe et Islamique), ed. A. Has

nawi, A. Elamrani-Jamal, and M. Aouad. Peeters, 199 7 .  

Saliba, George. "Persian Scientists in the Islamic World: Astronomy from Maragha 

to Samarqand."  In The Persian Presence in the Islamic World, ed. R. Hovannisian and 

G. Sabagh. Cambridge University Press, 1998. 

Saliba, George. "Rethinking the Roots of Modern Science: Arabic Manuscripts in 

European Libraries." Occasional Paper, Georgetown Center for Contemporary Arab 

Studies, 1999. 



302 Bibliography 

Saliba, George. "Critiques of Ptolemaic Astronomy in Islamic Spain." a/-Qantara 22 

(1999): 3-25. 

Saliba, George. "Competition and the Transmission of the Foreign Sciences: I:Iunayn 

at the Abbasid Court." Bulletin of the Royal Institute for Inter-Faith Studies 2 (2000): 

85-101. 

Saliba, George. "The Ultimate Challenge to Greek Astronomy: !fall mii Iii Yanl:wll of 

Shams al-Din al-Khafrl (d. 1 550) . "  In Sic Itur Ad Astra: Studien zur Geschichte der Math

ematik und Naturwissenschafte, ed. M. Folkert and R. Lorch. Harrassowitz Verlag, 2000. 

Saliba, George. "Science before Islam." In The Different Aspects o(ls/amic Culture, vol

ume 4: Science and Technology in Islam, ed. A. Y. al-Hassan et a!., part 1, The Exact and 

Natural Sciences. UNESCO, 2001 .  

Saliba, George. "Islamic Astronomy in Context: Attacks on Astrology and the Rise 

of the Hay 'a Tradition." Bulletin of the Royal Institute for Inter-Faith Studies 4 (2002): 

25-46. 

Saliba, George. "Greek Astronomy and the Medieval Arabic Tradition." American Sci

entist, July-August 2002: 360-367. 

Saliba, George. "Alternative all'astronomia tolemaica."  In Storia della Scienza, vol

ume III, ed. S. Petruccioli. Rome, 2002. 

Saliba, George. "Flying Goats and Other Obsessions: A Response to Toby Huff's 

'Reply."' Bulletin of the Royal Institute for Inter-Faith Studies 4, no. 2 (2002): 129-141. 

Saliba, George. "Aristotelian Cosmology and Arabic Astronomy." In De Zenon d'ENe 

a Poincare, ed. R. Morelon and A. Hasnawi. Peeter, 2004. 

Saliba, George. "Reform of Ptolemaic Astronomy at the Court of Ulugh Beg." In 

Studies in the History of the Exact Sciences in Honor of David Pingree, ed. C. Burnett et a!. 

Boston, 2004. 

Saliba, George. "The World of Islam and Renaissance Science and Technology." in 

The Arts of Fire: Islamic Influences on Glass and Ceramics of the Italian Renaissance, 

ed. C. Hess. Los Angeles, 2004. 

Saliba, George. "Re-visiting The Astronomical Contacts between the World of Islam 

and Renaissance Europe: The Byzantine Connection."  Forthcoming. 

Saliba, George. "Whose Science Was Arabic Science in Renaissance France?" http:/ I 

www.columbia.edu/ -gas 1/project/visions/ case 1 I sci . 1 .h  tml. 

Sarris, Peter. "The Eastern Roman Empire from Constantine to Heraclius (306-641) ."  

In The Oxford History of Byzantium, ed.  C. Mango. Oxford University Press, 2002. 

Sarton, George. Introduction to the History of Science. Williams and Wilkins, 1927. 



Bibliography 303 

Savage-Smith, Emilie, ed. Magic and Divination in Early Islam. Ashgate-Variorum, 2004. 

Saylli, Aydin. Ghiyath al-Din al-Kashi's letter on Ulugh Bey and the Scientific Activity in 

Samarqand. Ankara, 1 985. 

Saylll, Aydin. The Observatory in Islam. Ankara, 1 960. 

Sezgin, Fuat. Geschichte des Arabischen Schrifttums. Leiden, 1 967-. 

Shahid, Irfan. "Islam and Byzantium in the IXth century: The Baghdad, Constan

tinople Dialogue. " In Cultural Contacts in Building a Universal Civilization: Islamic 

Contributions, ed. E. Ihsanoglu. Istanbul, 2005 . 

Shaibanl. See Ibn al-Athlr. 

Shirazi, Qutb al-Oin a!-. al-Tuf.zfa al-Shiihiya. Paris, BnF Arabe, 2516.  

Sufi, Abd al-RaJ:!man, a!- (d.  986). Suwar al-Kawakib. Hyderabad, 1953.  

Swerdlow, Noel. "Aristotelian Planetary Theory in the Renaissance: Giovanni Batista 

Amico's Homocentric Spheres."  Journal for the History of Astronomy 3 ( 1972): 36-48. 

Swerdlow, Noel. "The Derivation and First Draft of Copernicus's Planetary Theory: A 

Translation of the Commentariolus with Commentary. " Proceedings of the American 

Philosophical Society 1 1 7, no. 6 ( 1973):  423-5 12. 

Swerdlow, Noel. "Copernicus's Four Models of Mercury." In Studia Copernicana XIII, 

ed. 0. Gingerich and ].  Dobrzycki. Warsaw, 1975.  

Swerdlow, Noel, and Otto Neugebauer. Mathematical Astronomy in Copernicus's De 

Revolutionibus. Springer-Verlag, 1984. 

Swerdlow, Noel. "Jabir Ibn Af!aJ:l' s Interesting Method for Finding the Eccentricities 

and Direction of the Apsidal Line of a Superior Planet." In King and Saliba, From 

Deferent to Equant. New York Academy of Sciences, 1987 .  

Swerdlow, Noel. "Astronomy in  the Renaissance. "  In  Astronomy before the Telescope, 

ed. C. Walker. St. Martin's Press, 1996. 

Tabari, Ibn Jarir (932). Tiirfkh al-rusul wa-1-mu/iik. Beirut, 1 987.  

Tannery, Paul. Recherches sur l 'histoire de l'astronomie ancienne. Gauthier-Villars, 1 893. 

Tannukhi, al-Muhassin b. 'All, a!- (994). Nishwiir al-muf.ziiqara wa akhbiir al-mudhiikara, 

ed. A. Shaljl. Beirut, 1971-1973. 

Ta�ki.ipriihi-zade (d. 1561) .  al-Shaqii'iq al-nu 'miinfya fl ulamii' al-dawla al-'uthmiinfya. 

Istanbul, 1985. 

Tawil, Yusuf 'All, ed. Fihrist al-Nadfm. Beirut, 1996. 



304 Bibliography 

Tekeli, Sevim. "Al-Urdi'nin 'Risalet-i.in Fi Keyfiyet-il-Ersad' Adli makalesi." Ara�tirma 7 

(1970) : 5 7-98. 

Thabit b. Qurra. See Neugebauer, 1962; MoreJon, 1987. 

Tihon, A. "L'astronomie byzantine (du ye au XVe siecle) ."  Byzantion 5 1  (1981):  603-624. 

Tihon, A. Etudes d'astronomie byzantine. London, 1994. 

Toll, Christopher. "Arabische Wissenschaft und Hellenistisches Erbe."  In Islam und 

Abendland, ed. A. Mercier. Frankfurt, 1976.  

Toomer, Gerald. Ptolemy's Almagest. Springer-Verlag, 1984. 

Toomer, G. ]. Eastern Wisdome and Learning. Oxford University Press, 1996. 

Treadgold, Warren. "The Struggle for Survival (641-780) ."  In The Oxford History of 

Byzantium, ed. C. Mango. Oxford University Press, 2002. 

Turner, A. ]. Catalogue of the Collection, The Time Museum, volume I: Time Measuring 

Instruments, Part I, Astrolabes Astrolabe Related Instruments. Rockford, 1985. 

Tusl, Na�lr al-Dln (d. 1274). See de Vaux, 1 893; Ragep, 1993. 

Tusl, Na�lr a!-Din (d. 1274) . Tal:zrlr al-majis{i. Bibliotheque Nationale de France, arabe 

2485, and India Office, Loth, 741 .  

Tusl, Na�lr al-Din, a!-. The Rawcjatu't-Tasllm: commonly called Ta�awwzmit. Persian text, 

ed. W. Ivanow. Leiden, 1950. 

Tusl, Na�lr a!-Din, a!-. Tajrld al- 'i 'tiqad. Cairo, 1996. 

Tusl, Na�lr al-Dln al-. Contemplation and Action: The Spiritual Autobiography of a Mu.l

lim Scholar. I. B. Tauris, 1998. 

Tusl, Na�lr al-Dln, a!-. Aw�af al-ashraf Beirut, 2001 .  

Ullman, Manfred. Die Medizin im Islam. Brill, 1970. 

Uqlldisl (c. 952) . See Saidan, 1978. 

'Un,ll (d. 1266).  See Saliba, 1993. 

Vesalius, Andreas. On the Fabric of the Human Body, Book I. San Francisco, 1998. 

Abu al-Wafa'. See Buzjanl. 

Al-Wa(l bi-1-wafayat. See Safadl. 

Walker, Christopher, ed. Astronomy before the Telescope." St. Martin's Press, 1996. 

Weill, Georges, and Fran<;:ois Secret. Fie et caractere de Guillaume Postel. Milan, 1987. 



Bibliography 305 

Weisser, Ursula. "Avicenna: Influence on Medical Studies in the West. " In Encyclo

pedia Iranica Ill, pp. 107-11 0. 

Wiedeman, E.,  with T. W. Juynbol. "Avicennas Schrift ii.ber ein von ihm ersonnenes 

Beobachtunginstrument."  Acta Orienta/is xi, no. 5 ( 1926): 81-167. 

Yaqut, al-I:Iamwl, Shihab al-Oin Abu 'Abdallah (1228). MuJam a/-buldiin. Beirut, 1979. 

Zfj al-Ma'mrml al-Mumta!wn, a/-. Escorial . Arabic Ms. 927. 





Index 
For an extended index, please visit http://mitpress.mit.edu/lslamic�Science�Index. 

Aaboe, Asger, 80 

Abbasid, 10, 7 4 

'Abd ai-J:Iamld b. YaJ:!ya, 45 

'Abd al-Malik b. Marwan, 46, 50�54, 5 7, 

58, 65, 68, 73, 80, 81, 125 

Abharl, Athlr a!-Din, al-, 21 

Abu J:larith, 76 

Abu Hila! al-'Askarl, SO 

Abu Hila! al-Sabi', 83 

Abu Ibrahim, 76 

Abu 'Isa, 76 

Abu IsJ:!aq Ibn Shahram, 48 

Abu Ma'shar, 35�40, 135 

Abu Sahl, al- Kuhl, 83 

Abu Saqr Ibn Bulbul, 71 

Abu Sulaiman, 38 

Abu Sulaiman al-Mantiql al-Sijistanl, 48 

Abu Thabit Sulaiman b. Sa'd, 45 

Abu 'Ubayd, 1 1 6  

Abu Zakarlya, 76 

Academies, 252�254 

Adab al-katib, 55 

Ahl 

al-J:!adith, 14, 52, 234 

al-tawJ:!Id, 13 

Akhawayn, 1 1 1  

Alamut, 244 

Alchemy, 45, SO, 51 ,  5 7  

Alexander the Great, 1 1 ,  32�34 

Alexandria, 7 

Alfonsine Tables, 209 

Algebra, 1 7�19, 54, 67 

'All b. 'Isa, 222 

Almagest, 3, 8, 12, 1 7, 20, 60, 61 ,  69, 7 1 ,  

79, 80, 84�97, 100, 101, 104, 107, 

1 34�136, 139, 1 50, 168, 1 69, 1 76, 

241, 247 

Alpagus, Andreas, 210, 220, 229, 23 1 

'Amill, al-MuJ:!aqqiq 'All b. al-J:Iusain, 

190 

'Amill, Baha' al-Dln, l l S, l l6 

Amr kharij 'an al-tab', 1 79 

Ancient sciences, 4, 5, 9, 29, 30, 36, 44, 

47, 49, 5 1 , 52, 56�58, 64, 7 1 ,  72, 86, 

92, 126 

Andalus, 94, 95, 1 7 7  

Anushirvan, Chosroes, 3 3  

Anthologia (Vetius Valens), l l  

Antioch, 5�7, 41 ,  227 

Anwa' texts, 86 

Apollonius, 12, 120, 122, 123, 136, 145, 

1 52, 163, 1 66, 202�205 

Apotelesmatica (Paulus Alexandrinus), 8 

Arabic, 3, 55, 63, 64, 69, 73, 76, 7 7, 1 26, 

188, 195, 214, 2 1 7 , 221, 223, 23 1 

Ardashlr, 32, 33 

Aristarchus of Samos, 1 20 

Aristotle, 7, 13,  34, 4 7, 48, 5 1 ,  52, 63, 

66, 75, 9 1 , 93, 1 19�124, 127, 1 32, 

1 34, 136, 148, 149, 1 62, 163, 1 70, 

1 73�1 75, 1 78�182, 185 

Arithmetic (Nicomachus), 12  



308 

Arithmetica (Diophantus), 1 2, 1 8  

Arsenius, 223-225 

Asad b. Jan!, 76, 7 7  

'Askarl, Abu Hila!, al-, S O  

Astrolabe, 1 8, 222-225, 246 

Astrologers, 1 5, 30, 49, 132, 1 34, 1 68, 

1 74, 1 75, 191  

Astrology, 1 4, 33 ,  39 ,  40, 78 ,  79, 90, 96, 

127, 1 32, 1 68, 1 74-1 76, 191  

Astronomers, Greek, 34 ,  78  

Astronomy, 19 ,  20, 23, 27 ,  28, 34, 69, 

7 1 ,  78, 88, 94, 100-104, 108, 1 1 1-

1 1 7, 1 20, 1 24, 13 1-134, 141 ,  149-

1 55, 161 ,  1 62, 1 65-168, 1 71-1 78, 

181 ,  1 84, 1 86, 190, 191 ,  194, 196, 

198, 209, 2 1 1, 216, 220, 221, 231-

233, 236, 237, 240, 246 

Avicenna. See Ibn S!na 

Awa'il, Kitab al-, so 

Aw�af al-ashraf, 1 88 

Babak, 32 

Baghdadi, 'Abd al-LatH, al-,  1 28, 129 

Baghdad!, Abu al-Barakat, al-, 183, 184 

Bait al-J:likma, 48 

Bait al-mal, 5 7  

Bakht!shu' 

family, 61 ,  62 

Jibra'Jl b. ,  75 

Banu Musa, 15,  20, 48,  75, 92, 96,  238. 

See also Musa, Shakir 

Banu Tamlm, 45 

Bar Hebraeus, 24 

Barmakids, 10 

Barmakl, Khalid, al-, 1 7  

Bibliotheque Nationale de France, 218  

Blrunl, Abu al-RaiJ:lan, 1 5, 38, 39, 96, 

120, 134 

Bitrujl, al-, 1 20, 121  

Bodleian Library, 196, 220 

Book of Treasures (Job of Edessa), 43 

Brahe, Tycho, 247 

Bude, Guillaume, 219 

Bukhara, 95 

Index 

Bukharl, Sadr al-Shari'a, al-, 240 

Bureaucrats, kuttab, 15, 45, 56, 58, 60-

64, 67, 7 1 , 73, 77, 83, 87 

Buyids, 83 

Buzjanl, Abu al-Wafa', al-,  56 

Byzantium, 4-7, 22, 41-48, 51 ,  66, 124, 

195, 194, 214-217, 221 

Calepino, Ambrosio, 247 

Caliphate, 236 

Calligraphic design, 225 

Canon of Medicine, 229, 239. See also 

Ibn S!na 

Carmen Astrologicum (Dorotheus 

Sidonius), 12  

<;:elebl, Mlram, 1 14 

Center of heaviness, 120, 1 3 7, 138, 162, 

1 79, 185 

Chaldeans, 37, 49 

China and Chinese, 1 1 ,  32, 33, 36, 248, 

251-254 

Chioniades, Gregory, 194 

Chosroes Anushirvan, 33, 34 

Christians and Christianity, 7 ,  41-44, 

58, 62 

Chronology of Nations (Birunl), 15 

Circles 

representing spheres, 92 

small, 106, 107, 1 1 0, 148, 149, 1 56, 181 

Coins, 5 1 , 5 7  

College d e  France, 22, 2 1 9  

Colombo, Realdo, 2 5 ,  222, 231 

Commentariolus, ISS,  207 

Conic valve, 237, 238 

Conics (Apollonius), 12 

Conjecture (J:lads), 1 18, 1 19 

Consistency, 94, 101,  104, 108, 127, 

1 65-1 70, 1 78, 194, 215, 216 

Constantine, 42 

Constellations, 86,  87  



Index 

Contact theory of transmission, 4, 5, 9, 

46, 50, 57, 125 

Copernicus, Nicholas, 23, 141 ,  144, 1 46, 

154-156, 164, 165, 183, 185, 1 89, 

190, 193-232, 247, 249 

Cosmas Indicopleustis, 6 

Cosmology, 90-95, 104, 105, 109, 1 19, 

12� 133, 135, 13� 1 6� 16� 1 69, 

1 73-175, 1 79, 185, 193, 204, 211 , 2 1 5  

Creation o f  science, 3 5  

Critical spirit, 108 

Critique, 103, 108, 131 ,  1 33, 233, 235. 

See also Shukiik 

continuity of, 109 

corpus of, 1 12 

of Greek scientific tradition, 86, 97, 

234, 239 

of lunar motion, 97  

of observational astronomy, 1 24, 1 3 1  

o f  Ptolemaic astronomy, 103, 104, 109, 

124, 133 

Qal:ll:lak, a!- (dah ak), 31 

Dar al-'ilm, 254 

Dar a son of Dara, 32 

Darius, 32 

Dashtaghi, Ghiyath al-Oin Man�iir b. 

Mul:lammad al-l;lusaini al-Shirazi, al-, 

1 14-1 16 

Decimal system, 9, 1 8, 19 

Decline, age of, 233-255 

Deferent, 140 

Dehwih, 45 

Della Vida, Giorgio Levi, 219 

Demonstrative science, 122 

De Revolutionibus (Copernicus). 23, 183 

Deviation, 147 

Dhayl al-fatl:liya, 1 14 

Dhayl-i mu'Iniya, 158 

Dinars, 50, 51, 57 

Diophantus, 12, 1 7, 18, 66 

Dioscorides, 253 

Dirhams, 50 

Disciplines, 67-69 

309 

Diwan, 45-47, 50-60, 63, 67, 68, 70, 7 7, 

80 

Diyar Bakr, 227, 236 

Dorotheus Sidonius, 12 

Syrian, 33 

Doubts. See Shukiik 

Dream of al-Ma'miin, 1 3, 47-52, 65, 70, 

7 1  

Easter, computation of, 229 

Eccentricity, 89 

Eccentrics, 1 19-123, 1 36-140, 145, 1 5 1 ,  

1 62, 163, 1 66, 169, 1 70, 1 78, 1 79, 

185, 202, 204 

Eclipses, 84, 90 

Ecliptic, 1 9, 20, 81 ,  90, 131 ,  231 

Egypt, 31-33, 56, 250 

Elements 

Aristotelian, 9 1  

Euclid's, 3, 1 2 ,  1 7, 1 5 1 , 228, 229 

simple, 1 20, 138 

Elements of Astrology, 134 

Engineering, mechanical, 237,  246 

Epicycles, 96, 1 19, 1 20, 1 22, 1 23, 136, 

1 38, 1 54, 160, 162, 1 70, 1 79, 1 84, 1 85 

Epicyclic model, 1 3 7, 1 5 1 ,  1 52, 162, 

163, 166, 1 78, 202 

Epitome Almagesti, 2 1 7  

Equant (mu'addil al-maslr), 95, 98-102, 

106, 109, 1 1 3, 1 15, 1 35, 140-145, 148, 

15 1-155, 1 58, 160, 164-166, 202, 204 

Equator of motion. See Equant 

Ether, 93, 1 20, 121,  1 38, 1 40, 1 48, 1 62, 

1 77, 184, 185, 213  

Euclid, 3, 6 ,  199, 212, 228 

Eudoxus, 121 

European libraries, 218  

Fa'altu fa-la talum, 160 

Farabi, al-, 7, 34, 41 ,  42 



3 1 0  

Fara'iq, 'ilm a!-, 78, 103, 127, 1 7 1 ,  186 

Farghanl, Ibn Kathlr, a!-, 81  

Faris!, Kamal al-Dln, a!-, 21,  239, 240 

Farmasp, the Indian, 33 

Fat]) al-Mannan fl tafslr al-qur'an, 189 

Fazara, 1 6  

Fazari, Ibrahim, a!-, 1 5 ,  1 6, 74 

Ferrara, 220 

Fihrist (al-Nadim), 1 1 , 28, 29, 42 

Fran<;:ois I, 219 

Fu�ul method, 82-84, 90, 1 3 1  

Fuwatl, Ibn a!-, 243, 244 

Galen, 6, 24, 25, 64, 66, 71 ,  75, 1 24, 

128, 1 87, 235, 239 

Galileo Galilei, 183, 252 

Generation, and corruption, 1 74, 182 

Geocentrism, 1 63, 1 64, 1 73, 193, 204, 

207, 215  

George, Bishop of  the Arabs, 8 ,  43  

Ghara'ib al-qur'an, 189 

Ghars al-Dln Al)mad b. Khalll al-f:lalabl, 

1 15, 1 80, 181  

Ghazan, Abu f:lamid a!-, 3, 21 ,  23, 25, 

126, 127, 181 , 234-246, 254 

God, existence of, 1 74, 1 75 

Golden Age, 23, 65, 236, 242, 243 

Grafton, Anthony, 205 

Gravitation, universal, 215 

Greco-Roman legacy, 3 

Greece and Greeks, 33, 4 1 ,  228 

Greek books in Isfahan, 38, 39, 43 

Greek language, 58, 195 

Greek science, 18, 22, 40, 41 ,  61 ,  72, 78, 

93, 108, 122, 232 

Greek tradition, 1 28, 168, 234, 238, 240 

Gregory Chioniades. See Chioniades 

Gregory XIII, Pope, 229, 230 

Gutas, Dimitri, 10 

f:labash al-f:lasib, 18, 19, 89 

f:ladlth, 73, 234 

f:lads (conjecture), 1 18.  1 19, 152 

Index 

f:laj jaj b. Ma1ar, a!-), 1 7, 19, 48, 67-70, 

79, 80, 92, 93, 126, 1 3 1  

f:laj jaj b. Yusuf, a!-, 45, 53, 59 

f:lakiml, a!-, 63 

f:lall rna Ia yanl)all, 242 

f:lammadl, Shams al-Dln Mul)ammad b. 

'All, 1 1 6  

f:lanbal, Al)mad b, 14 

f:larran, 5-7 

Hartner, Willy, 199, 200, 218 

Harlin a!-Rashid, 11 ,  1 7, 30 

Hay'a (configuration), 18, 19, 68, 78, 90, 

94, 100, 102, 108, 1 1 4-1 1 8, 127, 128, 

133, 1 7 1-1 78, 186-189 

Hazarat, 3 7  

Heliocentrism, 120, 164, 193, 205, 207, 

215, 216 

Hellenism, 7 4 

Hermes, 3 1-33 

Hermes the Babylonian, 33 

Hernandez, Francisco, 253 

Hero of Alexandria, 237 

ljikaya (al-Nadlm), 30, 35, 36, 41, 44-46 

Hipparchus, 34, 125 

f:lisba, 5 7  

Hisham b. 'Abd a!-Malik, 45 

History of Nations (Masha' allah), 34 

Horoscopes, 15 ,  1 6, 31 ,  41 

Hospitals, 254 

f:lubaish b. al-f:lasan, 48, 75 

Hulagu Khan, 235, 243 

f:lunain b. Isl)aq, 5, 14, 1 8, 48, 61-64, 

68, 7 1 ,  75, 7 7  

Hypatia, 6 ,  7 

'!bad!, 62 

Ibn Abl U�aybi'a, 62 

Ibn al-'Amld, Mul)ammad b. al-f:lusain, 

Abu al-Faql, 38 

Ibn al-Ash'ath, uprising of, 45 

Ibn al-Baitar, 21 

Ibn Baja, 120 

Ibn al-Bitrlq, 48 



Index 

Ibn al-Haitham (Aihazen), 24, 25, 97-

109, 1 13, 1 16, 1 32, 133, 1 40, 235, 

239, 240 

Ibn I:Iamdun, 63 

Ibn Khaldun, 39, 59 

Ibn Mamati, 56 

Ibn al-Muqaffa', 42, 74 

Ibn ai-Nafls, 21, 24, 25, 129, 1 87, 239, 

240, 243 

Ibn Qutayba, 54, 55, 59 

Ibn Rushd (Averroes), 120, 149, 1 50, 

1 79, 184, 210, 2 1 1 , 220, 23 1 

Ibn Shahram, Abu Isi:Jaq, 48 

Ibn al-Shatir, 21 ,  84, 85, 1 13, 121-123, 

138, 140, 143, 144, 151 ,  154, 161-

165, 1 69, 1 70, 1 79, 184, 185,  189-

197, 204-214, 220, 23 7, 240 

Ibn Sina (Avicenna), 95, 1 1 6, 169, 187, 

210, 211 , 229 

Ibn Tariq. See Ya'qub b. Tariq 

Ibn Tufayl, 120 

Ibn al-Ukhuwwa, 5 7  

Ibtal al-buhtan, 96 

Ikhtilaf al-zijat,36 

Ilkhanids, 188, 202, 243 

Illustrations (mithalat), 238 

Impossible, 98, 99, 101, 106, 107, 135, 

140, 152 

Inclination, 109, 147-149. See also 

Ecliptic 

India and Indians, 3, 4, 9, 1 1 ,  18-20, 32, 

33, 36, 37, 43, 72, 74, 1 50, 246, 250, 

251 

Instruments, 19, 20, 8 1-83, 133, 189, 

202, 221-226, 244, 246 

Intellectual history of Islamic civiliza-

tion, 71 

Introduction to Astrology, 39 

Iran, 250 

Iraq, 33 

I�fahan, 36-38, 236 

Isi:Jaq b. I:Iunain, 69, 70, 75, 93, 126 

Ishkalat, 1 1 1 ,  1 1 5, 1 1 6  

3 1 1  

Islamic civilization, 234-236 

Islamic world, 188, 1 95, 196, 247-253 

Istakhr, 32 

Istidrak, 94, 1 50, 167,  1 77 

Jabir Ibn Aflai:J, 100 

Jabr, a!-, 18 

Jai:Ji{:, 'Amr b. Bai:Jr a!-, 33, 76 

Jahshiyari, 53-59 

Jai Singh II, 246 

]amasp, the wise, 32 

]ami' u�ul al-I:Jadith, 189 

]ami!, 59 

Jazarl, a!-,  21 ,  237, 238, 240 

Jibra'Il b. Bakht!shu', 7 5 

Job of Edessa, 43 

Julius, Flavius Claudius, 7, 8, 4 1-44 

Jundlshapur, 5, 41 ,  62, 76, 7 7  

Juzjani, Abu 'Ubayd, a!-, 9 5 ,  1 1 6, 1 69 

Kab!ra wa-1-saghlra, 198 

Kennedy, Edward S., 196 

Kepler, Johannes, 205 

Khafif ghulam 'Ali b. 'I sa, 222 

Khafrl, Shams al-Din, a!-, 21 ,  1 15, 123, 

124, 1 29, 1 54, 161 ,  1 65-169, 1 83, 

190, 193, 204, 206, 23 7, 240, 242 

Khalid b. Yazld b. Mu'awiya (I:Jakim 'a! 

Marwan), 45-5 1 

Khama'iri, Mui:Jammad b. Fattui:J, a!-, 

223, 224 

Kharaqi, Abu Mui:Jammad 'Abd 

al-Jabbar, al-, 218 

Kharij 'an al-�ina'a, 1 10, 1 48, 156 

Kharija 'an al-qiyas, 100 

Khujand!, a!, 83, 133 

Khwarizmi, Mui:Jammad b. Musa, a!-, 

1 7, 1 8, 19, 54  

Khwarizmi al-Katib, Mui:Jammad b .  

AI:Jmad b. Yusuf, a!-, 56 

Kind!, a!-,  36 

King, David, 223, 224 

Kitab al-anwa', 55 



3 1 2  

Kitab al-awa'il, so 

Kitab al-hay'a, 1 1 7  

Kitab al-Nahmatan, 30 

Kitab Qawanln al-dawawln, 56 

Kitab al-wuzara' wa-1-kuttab, 53 

Kuhl, Abu Sahl, al-,  83 

Kushtaj, kitab a!-,  32 

Kuttab, 45, ss, 56, 60 

Latitude theory, 101,  107, 1 49, 155,  156, 

198 

Laurentiana library, 220, 227, 229 

Lawami', al-, 1 14, 1 1 6 

Lemerle, Paul, 7, 43, 1 25 

Leo Africanus, de 1 550, 226 

Leon the mathematician, 7 

Limits, concept of, 183 

Line, imaginary, 98 

Ma'alim al-qurba, 5 7  

Ma'arij, a!-, 1 16 

Macedonia, 32 

Madkour, Ibrahim, 241 

Maestlin, 205 

Mafatll;l al-'ulum, 56 

Maghribl, Mul;lyl al-Dln, a!-, 1 1 6  

Mahdl, a!-, Abbasid caliph, 1 1  

Malatiya, 1 88 

Mamluks, 1 88, 235 

Ma'mun, a!-, 1 1 , 13,  15, 1 7, 43, 47, 48, 

5 1 ,  52, 63, 65, 70, 81 , 83, 234 

Manshurat, 106 

Man�ur b. Sarjun, 45 

Man�ur, al-, 1 1 , 15, 1 7, 31 ,  74 

Man�ftrlya (Dashtaghl), 1 14, 1 16 

Maragha observatory, 133, 155,  188, 

202, 243, 244, 246 

Mardanshah, 45 

Marw, 7 

Masha'allah al-Farisl, 15,  34 

Mashhur, 240 

Masrurlya madrasa, 187  

Index 

Mathematics, 122, 123, 129, 151 ,  164-

169, 1 72, 190, 193, 210, 2 1 2, 215, 

216, 232 

Mavroudi, 7, 22 

Mawalld, 41 

Mecca, 19  

Medicine, 128, 187 ,  237 ,  240, 246, 252, 

253 

Medici Oriental Press, 228, 229 

Medizin im Islam, 228 

Menelaos, 88 

Mercury, 145-148 

Mesquinerie, 23, 198 

Mexico, 252, 253 

Meyerhof, Max, 7 

Mil;lna, 13  

Mlqat, 'ilm al-, 78 ,  103, 127, 171 ,  186, 

187, 247 

Mlram <;:elebl, 1 1 4  

Missionaries, 228 

Moon, 79, 80, 85, 97, 1 34, 141 , 143, 

1 58, 1 65, 230 

Morayel, 76 

Mu'addil al-maslr. See Equant 

Mu'awiya b. Abl Sufyan, 45 

Mughal empire, 250 

Mul;lalat, 95-98, 101, 102, 135, 141,  

1 45-14� 154, 155,  1 7� 1 7� 215 

Muluk al-tawa'if, 32 

Mumtal;lan, 83,  86 

Muntaha al-idrak, 218 

Musa, Banu, 15, 20, 48, 64, 237, 238. 

See also Shakir 

Mu'ta�im, a!- 63 

Mutawakkil, al-, 14, 15, 63, 68, 75, 77, 238 

Mu'tazilites, 13,  48, 51 ,  52, 65, 70, 234 

Muwaqqit, 162, 1 89, 243. See also Ibn 

al-Shatir 

Nadlm, Abu al-Faraj Mul;lammad b. Abl 

Ya'qub Isl;laq, al-, 1 1 ,  28-3 1, 35-52, 

58, 68, 70, 74, 75, 126 



Index 

Nahmatan, kitab al-, 30, 3 1  

Naql qadlm, 76 

Nau, Fran�;ois , 24, 43 

Nawbakht, 10, 15, 30, 31 ,  33, 34, 35, 36, 

39, 40, 49, 61 

Needham, Joseph, 248 

Netherlands, 223-225 

Neugebauer, Otto, 22, 196-199, 214, 

217  

New Spain, 252 

Newtonian world, 122, 215 

New World, 250-255 

Nihiiyat al-idrak (Shirazi), 1 60 

Nihayat al-siH fi ta�I:JII:J al-u�ul, 164, 196 

Ni'matallah, Ighnatyus (Nehemias), 

227-230 

Nisaburi, Ni�am al-Oin, al, 189, 240 

Nishwar al-Mul;la<;lara, 36 

Nodes, 141  

Numerals, 3, 223 

Nuqtat al-mul;ladhat. See Prosneusis 

Observatories, 133, 202, 244, 246, 254 

Optics, 21,  97, 108, 23 7-240, 246 

Orientalists, 69, 226, 227, 235 

Orsini, Paolo, 228, 230 

Oscillation, 1 10, 148, 155,  1 56, 158, 

181, 184, 207 

Osmania, 94 

Ottomans, 194, 219, 221, 225, 250 

Paul, the Persian, 8 

Paulus Alexandrinus, 6, 8 

Persia and Persians, 10-12, 37,  38, 41 ,  

42, 45, 49, 58-62, 65, 66, 7 1-74, 195, 

224 

Phaedrus, the Greek, 33 

Philip II, 253 

Philo of Byzantium, 237 

Philosophy, 7, 8, 41, 42, 44, 49, 184, 190 

Physicians, 62, 187 

Pingree, David, 22 

3 1 3  

Plrl, 45, 76 

Planetary Hypotheses, 90-93, 96, 97, 104-

108, 134, 135, 168, 1 69, 1 76 

Planetary theories, 194, 221, 236, 244, 

246 

Planets, 134, 1 38, 139, 206 

Plato, 66 

Pocket transmission theory, 5 ,  7, 9, 46, 

5 7  

Poland, 221 

Postel, Guillaume, 22, 2 1 7-221 ,  227, 

230 

Prayer, times of, 134 

Precession, 20, 80, 81 ,  125, 131,  1 76, 

23 1 

Printing, 228 

Proclus, 199 

Progress, 234 

Projection, 18, 19 

Prosneusis, 97, 98, 105, 1 10, 1 14, 142-

144, 148, 1 5 1 ,  165 

Ptolemy, 3, 6, 8, 12, 33, 34, 60, 66, 79, 

81 , 84, 88-95, 99, 100, 106, 108, 1 10, 

1 19, 127, 132-1 34, 138, 144-148, 

124, 1 69, 1 70, 1 76, 198, 206, 212 

Pulmonary circulation, 25 

Pyramids, 38 

Postel, Guillaume, 22, 2 1 7-221 ,  227, 

230 

Projection, 18, 19 

Qa<;!Izadeh al-Rumi, 1 14, 190 

Qawanln al-dawawln, 56 

Qibla, 134, 186 

Quadrant, 246 

Quhunduz, 3 7  

Qusta b. Luqa, 18, 48, 69, 70 

Qushjl, al-, 21 ,  1 13, 1 14, 1 54, 166, 169, 

204, 240 

Rainbow, 239, 240 

Ramnusio, Hieronimo, 230 



3 1 4  

Rashed, Roshdi, 1 8  

Rawqat al-tas!Im, 1 88 

Razl, Abii Bakr, al- (Rhazes), 25, 94, 128, 

1 29, 235, 239 

Realdo Colombo, 25 

Recapitulation (istidrak), 95.  See Shukiik 

Rest, moment of, 182, 1 83 

Roberts, Victor, 196 

Rosenthal, Franz, 52 

Riiml, Qaqlzadeh al-, 1 14 

Saba'ians, 49 

Sabi', Abii Hila! al-, 83 

Sabra, Abd al-J:Iam!d, 1 25 

Safavids, 250 

Saflr, al-, 1 14 

Saint Peter, cathedral of, 222 

Salil) b. 'Abd al-Ral)man, 45, 59 

Salm, 48 

Sangallo, Antonio de, 222, 223 

Sanskrit, 7 4 

Sarjiin b. Man�iir, 37,  38, 45, 46, 59, 63 

Sasan, 32 

Sawad, al-, 3 1 ,  42 

Sayf al-Dawla, 49 

Seasons method, 8 1  

Sergius o f  Ras'aina, 8 ,  43, 60 

Servetus, Michael, 25, 222, 23 1 

Severus Sebokht, 8, 9, 43, 60 

Sextant, 246 

Shafi'i law, 187  

Shahriyar, zij , 1 1, 16 ,  37, 39 ,  40 

Shakir, 20, 48, 64, 92, 93, 94, 132, 1 76, 

1 77, 235 

Shapiir, 33, 34 

Shapiir, Dhii al-Aktaf (Shapiir II), 4 1 ,  42 

Sharbe noukronoye, 24 

Shari) al-majisti, 1 89, 1 90 

Sheshwih, 45 

Sh!'ism, 250 

Shirazi, Qutb al-Dln, al-, 21, 96, 1 16, 

1 54, 1 58-161 ,  1 65-169, 183, 1 84, 

188, 189, 203, 204, 212, 239, 240 

Index 

Shirwani, Mulla Fatl)allah, al-, 190 

Shu'iibiya, 33, 76, 126 

Shukiik, 24, 25, 94-97, 1 1 1 , 1 15, 127, 

128, 131 , 150, 1 67, 1 78, 235, 239 

Si:bawaih, 77 

Sidhanta, 1 6  

Siftah, 3 7  

Sij istan, 45 

Sijistani:, Abii Sulaiman al-Mantiql, al-, 48 

Simplicity, 1 39, 140, 1 78 

Sina'a al-, 18, 107 

Sindhind, 16  

Sine, 88 ,  187 

Sinjar, desert of, 14  

Siphon, 237 

Si:vas, 1 88 

Slanting, 109 

Slave labor, 250, 251  

South Asia, 25 1 

Spain, 223, 253 

Spheres, 92, 93, 98, 104, 121,  1 32-135, 

1 40, 141 ,  1 63, 1 6� 1 7� 1 7� 1 7� 

1 79, 216 

Stars, fixed, 86,  87, 93,  162, 163,  1 76, 

184, 1 85 

Siifl, 'Abd al-Ral)man, 87 

Suleiman the Magnificent, 219 

Sun, 20, 81-85, 90, 126, 136, 1 65, 230, 

231 

Sundials, 1 89 

Siirat al-ikhla�, 50 

Suwar al-Kawakib, 87 

Swerdlow, Noel, 207-209, 2 1 7  

Syriac, 6-9, 24, 43, 44, 62, 65, 66, 74, 

75, 227 

Tahmiirath, 37 

Tadal)ruj, 107 

Tadhkira, 109, 1 1 1 , 1 13, 1 1 6, 156, 158, 

197, 2 1 7  

Tahafut al-falasifa, 3, 234 

Ta/;lrfr (Tiisi), 84, 88, 89, 109, 156, 158, 

198 



Index 

Tajrid al-i'tqad, 188 

Takmila fl sharl:l al-tadhkira, 190 

Ta'liq al-ar�ad, 1 64 

Tamimi, 'Ali b. Ziyad, al-, 16 

Tanbih al-nuqqad, 1 1 5  

Tangent, 88 

Tannukhi, 36 

Tanqarus, 31 

Taqi ai-Din b. Ma'ruf, 247 

Ta'r!kh al-IJukama' (Qiftl), 83 

Tarkib al-aflak, 16, 1 1 6 

Tarkib"" rna, 185 

Ta�l:lil:l al-u�U1, 161 

Tashril:l al-aflak, 1 1 5, 1 1 6  

Taseo, Ambroseo, 230 

Tawa'if, mu!Uk, al-, 32 

Tawamir, 5 1  

Tawl:lid, ahl al-, 13, 48, 5 1  

Tetrabiblos (Ptolemy), 12, 134 

Teukreus, 31 

Thabit b .  Qurra, 48 

Themistius, 41 

Theodoros, 45 

Theorizing, 28, 71 ,  164, 165. See also I:Iads 

Tihon, Ann, 22 

Tlnka!Us, 31  

Tinqarus, 31  

Toomer, Gerald, 100 

Trade, 250-252 

Transoxania, 10 

Trebizond, 221 

Trigonometry, 18, 19, 67, 88, 89, 1 50, 

171 ,  186, 187 

Tul:lfa shahiya, 1 1 6, 160 

Turkey, 227 

Tlisi Couple, 1 1 0, 1 1 1 , 154-158, 181 ,  

184, 188, 19 7-200, 205, 206, 2 1 1-

214, 217, 218, 221, 24 1, 244 

Tlisi, Na�ir ai-Din, al-, 21, 24, 84, 88-90, 

109-1 13, 1 1 6, 148, 151 ,  1 55-161, 

1 69, 181, 188, 1 98-202, 209-213, 

2 1 7, 218, 228, 240, 243, 244 

TUz, 36, 37  

Ulugh Beg, 189, 190, 244 

'Umar b. ai-Khattab, 54 

3 1 5  

Umayyads, 10, 16, 47, 58, 68, 74, 1 62 

Uqlidisi, 19  

'Urqi, Mu'ayyad ai-Din, al-, 21 ,  24, 106, 

107, 1 1 3, 1 1 7, 1 18, 123, 133, 1 44, 

1 5 1-1 55, 1 58-163, 166, 1 69, 1 80, 

202-206, 209-214, 2 18, 240, 243, 244 

U�UI, 161  

Valve, conic, 237 ,  238 

Vatican Library (Biblioteca Apostolica 

Vaticana), 2 14, 2 1 7  

Vaux, Carra de, 23, 24, 197, 198 

Vesalius, 232 

Vetius Valens, 1 1  

Void, 237, 238 

Wathiq, al-, 63 

Wazzan, I:Iasan b. Mul:lammad b. ai-

(Leo Africanus), 226, 227, 228, 230 

Wid, 45 

Widmanstadt, Jean-Albert, 227, 230 

Wisdom, House of (Bait al-l:likma), 48 

Ya'qub b .  Tariq, 16, 74 

Yul:lanna b. Masawayh, 48, 62-65, 68 

Yul:lanna, 38, 76 

Zadan Farrukh b. Piri, 45, 53, 59, 63 

Zaradasht, 32 

Zaman, Hul:lammad, 224 

Zij, 1 1 ,  40, 83, 127, 1 32, 134, 191  

Zoroaster, 32 

Zoroastrians, 58  


	Title page
	Contents
	Preface
	1. The Islamic Scientific Tradition: Question of Beginnings I
	Critique of the Classical  Narrative 
	Other Problems with the Classical Narrative 
	Scientific Instruments and Observational Astronomy
	Problems with the End

	2. The Islamic Scientific Tradition: Question of Beginnings II
	The Alternative Narrative
	The  Historical Account of the  Rise of Science in Early Islamic Times According to al-Nadim
	The Story of Abu Sahl b. Nawbakht
	Abu Ma'shar's Story
	The Third Story
	The Fourth Story
	AI-Nadim's Alternative Narrative 
	The Consequences of the Diwan Translation: Ascension to Power by Other Means
	Conclusion

	3. Encounter with the Greek Scientific Tradition 
	Reaction to the Greek Scientific legacy
	Subtler Observations
	Mathematical Reconstruction of the Almagest
	Cosmological Problems of the  Almagest 
	The Astronomical Shukuk Tradition
	Theoretical Objections
	Conclusion

	4. Islamic Astronomy Defines Itself: The Critical Innovations 
	The Problems with Ptolemaic Astronomy
	The Motion of the Sun
	The Motion of the Planets
	The Motion of the Moon
	Motion of the Planet Mercury
	Planetary Motion in Latitude
	Islamic Responses to Ptolemaic Astronomy: Creating an Alternative Astronomy
	The Work of 'Urdi
	Nasir al-Din al-Tusi 
	'Ala' al-Din Ibn al-Shatir of Damascus (d. 1375) 
	Shams ai-Din ai-Khafri and the Role of Mathematics in Astronomical Theory
	Conclusion

	5. Science between Philosophy and Religion: The Case of Astronomy
	The Philosophical Dimension
	Astronomy and Religion
	Conclusion

	6. Islamic Science and Renaissance Europe: The Copernican Connection
	Connections between Renaissance Europe and the World of Islam
	Possible Routes of Contacts with Copernicus
	The Byzantine Route
	The Renaissance Arabists
	Contacts in the Field of Instruments
	Traffic from "East" to "West"
	Conclusion

	7. Age of Decline: The Fecundity of Astronomical Thought
	Critique of the Classical Narrative

	Notes and References
	Chapter 1 
	Chapter 2 
	Chapter 3 
	Chapter 4 
	Chapter 5
	Chapter 6 
	Chapter 7 

	Bibliography
	Index

